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Introduction 


INTRODUCTION 


This manual is one of thc R-3825-series tech- 
nical manuals prepared to provide official 
Rocketdyne field support documentation for the 
operation and maintenance of the J-2 Rocket 
Engine, Part Number 103826, Serial Numbers 
J~2039-1 through J-2152, and its related 
ground support equipment, designed and manu- 
factured by Rocketdyne, a division of North 
American Rockwell Corpuration, 6633 Canoga 
Avenue, Canoga Park, California 91304. The 
information in these manuals was prepared by 
Logistics Product Support Department of 
Rocketdyne, 


The manuals are used to best advantage when 
each manual is current and complete (see 
figure 1) and the purpose and scope of each 


1. J-2 MANUALS-- THEIR SUPPORT FUNCTIONS, 


The contents and support function chart lists all 
J-2 series technical manuals, describes the sup- 
port function each manua! serves, and lists the 
section titles of each manual. The chart also 
explains how the technical data in each manual 
relates to the support of the engine and its 
ground support equipment throughout a normal 
engine flow, as well as during unscheduled 
maintenance tasks. Information appearing in 
one manual is not duplicated in another. Thus, 
information on the description, operation, and 
maintenance of ground support equipment is in 
R-3825-5, However, the instructions for 
servicing the engine using ground support equip- 
ment are in R-3825-3 and R-3825-1B. 


manual is known. The manuals in this series, 
and the nature of the data each provides, are 
found in the manuals' contents and support 
function chart, 


Manual Contents and Support Function Section and Title 


See detailed table of contents for 
this manual, 


R- 3825-1 This manual contains a description 

J-2 Rocket Engine and theory of operation of the engine, 

Data its systems, and iis components; mass 
properties and design load criteria, 
including engine weight, gimbaled 
mass, center of gravity, and n oment 
of inertia for the basic engine and its 
accessories; and customer connections, 
The manual serves to famillarize the 
reader with the design and operation of 
the J-2 engine and serves as a training 
aid document. 


R-3825-1B This manual contains authorized field I Operating Requirements 
J-2 Rocket Engine operating requirements that affect 04 General Requirements 
Operating flight engines during their normal IY Operating Procedures 
Instructions flow from engine recelpt through 


vehicle lavach, and those procedures 
recommended by Rocketdyne that sup- 
port these requirements most effec- 
tively. All specific and general 
requirements for activities to be 
performed and acceptability criteria 
for these aclivitles are included along 
with the limits, special constraints, 
safety precautions, and correct 
sequences required to satisfactorily 
accomplish the activities, 


Change No, 10 - 22 February 1971 ix 


Introduction 


Manual 


R-3825-1 


Contents and Support Function 


R-3825-3, Volume I 
J-2 Rocket Engine 
Maintenance and 
Repair 


R-3825-3, Volume II 
J-2 Rocket Fngine 
Maintenance and 
Repair 


This manual contains requirements 
and procedures for handling; rom- 
ponent removal and installation: 
cleaning; post-maintenance test 
requirements; the safety precautions 
to be observed; and information on 
the tools, materials, electrical 
power, and pressurizing agents 
necessary to perform the tasks, 


This manual contains requirements 
and procedures for evomponent bench 


testing and repair; the safety preea .- 


tions to be observed; and information 
on the tools, materlals, electrical 
power, and pressurizing agents 
necessary to perform the tasks. 
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Section and Title 


General Maintenance and 
Repair 

Handling 

Component Removal and 
Installation 

Post- Maintenance Test 
Requirements 

Preparation of Compo- 
nents Handler Equip- 
ment for Use 

In-Place Tube Welding 
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Arniored Harness 
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Flight Instrumentation 
Package 
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Insulation 
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Mainstage OK Pressure 
Switch 

Oxidizer Turbopump 

Purge and Seal Drain 
Check Valves 

Solenoid Valves 

Start Tank Discharge 
Valve 

Start Tank Refill Check 
Valve Manifold 
307599-41 

Start Tank Support and 
Fill Valve 

Thrust Chamber 

Transducers 

Vent Port Check Valves 


Manual 


R-3825-4 

J-2 Rocket Engine 
Nlustrated Parts 
Breakdown 


R- 3825-5, Volume I 
J-2 Rocket Engine 
Ground Support 
Equipment Mainte- 
nance and Repair 
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Contents and Support Function 


This manual contains related {llus- 1 
trations and columnar listings of I 
all parts of the engine that can be 

replaced at field sites as deter- i] 


mined by the maintenance concept; 
definitions and designations of 
source, maintenance, repatrability, 
{nterchangeability, and usable-on 
codes; information pertaining to 
retrofit modifications; identifi- 
cation of next-higher assemblies; 
identification of Reference Desig- 
nation Indexes. 


This manual contains a description I 
of evgine servicing, handling, and II 
test coulpment; procedures for 

performing maintenance and check- Hl 
out tasks; and faspection and mainte- 

nance requirements tables. IV 


Introduction 


Section and Title 


Introduction 

Group Assembly Parts 
List 

Numerical Index 


Maintenance and Repair 

Thrust Chamber Throat 
Plug Kit G3120 

Thrust Chamber Protec- 
tive Pad 9016705 

Electrical Checkout 
Console G1007 

Flight instrumentation 
Checkout Console G1005 

Data Recorder Console 
G3121 

Engine Test Plates; 
Adapters, and Tools 

Extended Range Vibration 
Safety Cutoff Set G1038 

Pneumatic Console G3106 

Pneumatic Flow Tester 
G3 104 

Simulator Panel 9024480-11 

Components Test Console 
G3i07 

Automatic Inert Gas Are 
Welding Set G3128 

Single Head Special Tool 
Kit G3127 

Propellant Utilization 
Valve Voltage Adjust and 
Monitoring Test Unit 
9025664 


Change No. 12 - 18 October 1972 xi 


Introduction 


R-3825-1 


“ 


Contents and Support Function 


Manual 
R-3825-5, This manual contains a description 
Volume JI of engine servicing, handling, and 


J-2 Rocket Engine 
Ground Support 
Equipment Majnte- 
nance and Repair 


xil 


test equipment; procedures for 
performing maintenance and check- 
out tasks; and inspection and 
maintenance requirements tables. 
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Misvellaneous Tools 

Gas Generator High- Low 
Tomperature Cutoff Panel 
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Outboard Engine Restrainer 
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Film- Cooled Diffuser G4070 

Components Adapter Set 
9016796 

Liguid Nitrogen Service 
Unit 2425000 

Electrical Interface Support 
9024460 

Spark Monitor/Overspeed 
Cutoff Panel G1045 

Component Slings 

Spark Monitor Turbine 
Ove1 peed Cutoff Test 
Set 9024499 

Ignition Detector Set 
99-9026355 

Components Maintenance 
Sets/Kits 

Vibration Safety Cutoff 
Test Set 9024498 

Hot-Gas Temperature Trans~ 
ducers NA5~-27323T4 and 
NA5-27342T3 

Amplifier Mounting Panel 
9024500 

Thrust Chamber Diffuser 
Installing Tool Kit 
9025144 

Proof- Test Weights 

Engine Handling Slings 

Turbopump Sling 

Propellant Inlet Duct Null 
Adjuster Set 9024540 

Inlet Duet Support frame 
Installing Tool Kit 9025150 

Engine dandler G4064 

Engine Yerlicat Installer 
G4035 

Turbopump Maintenance 
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Turbopuinp Maintenance Sets 

Sequence Controller and 
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Propellant Inlet Duct 
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Volume II 
(cont) 


Introduction 


Section and Title 


XXVIII 


AXIX 


Propellant Feed System 
Handlers 

Start Tank Installer 
9016783 

Fluid Lines Interface 
Support 9020628 and 
Fluid Lines Interface 
Arm Support 9026988 

Thrust Chamber Seal 
Balloon 9016720 

Spark Jgniter Cable Pres- 
surization Tool Kil 
9025425 

Engine Components 
Installers 
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USE YOUR MANUAL ONLY IF CURRENT 
AND COMPLETE 


Maruals that are not current and complete 
are not authoritative documents’...d are not 
to beused. The following outlines u..e method 
for dcter mining whether your manual is cur-~- 
rent and complete. 


A. DETERMINING CURRENCY. To be sure 
that yours is the latest issne of the manual, 
refer to Configuration Identification & Status 
Report , which is revised monthly and lists 
the technical manual numbers, titles, unin- 
corporated supplements, and latest change 
or revision dates. Your manual must have 
a litle page with the same or later date than 
the date shown in the Configuration Identifi- 
cation & Status Report. Your manual must 
also include the unincorporated supplements 
listed in the Configuration Identification & 
Status Report, or if your manualis later than 
shown in the report, the unincorporated sup- 
plements listed in the Manual Data Supple- 
ment Record in your manual. If your title 
page incorporates two dates as illustrated be- 
low, compare the change (lower) date. If your 
manual is not current, obtain a current copy 
through your technical manual supply system. 


Veeviee e we 


BU ROCHE feumeE 


24 IULY 1967 
CHANGE SQ) 3. F IULY 1968 


B. DETERMINING COMPLETENESS. Ta 
be sure that your manual is complete, make 
a page-by-page comparison of its pages to 
those Ii-ted in the List of Effective Pages. 
The List of Effective Pages, which shows the 
change status since the basic issue or last 
revision, is found on the alphabetically let- 
tered page(s) immediately following the title 
page. All pages, except supplements, are 


Figure 1. Hc‘v to Maintain Your Manual (Sheet 1 of 2) 
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listed with their issue dates. Manual pages 
thatare dated musthave the same date as that 
appearing in the List of Effective Pages for 
that page, Unchanged pages are listed as 
“original and are not dated, 


HOW TO KEEP YOUR MANUAL. 
UP-TO-DATE 


As design changes are made to the rocket en- 
gine and grcund support equipment and better 
methods of maintenance are discovered, your 
manual is periodically changed, revised, or 
supplemented. The following steps will help 
you keep your manuai up-to-date: 


A. CHANGES. Updating oy adding to or par- 
tially replacing existing pages is defined as 
a cha..ge. Changes can be identified by the 
ecnange notice cn the new title page. 


a7 
LATESE CHANGED - SOEs SUPERTIOS 
TAL SAME PAGES OF PREVIOUS DATE 


Paes hanged gegen raw bene 
Phar an eres rotor ie dg ga 
ee 


Tocollate a change, refer tothe Filing Instruc - 
tions sheet issued with the manual and proceed 
ad follows: 


1, Remove the pages lstedinthe "Remove" 
column of the Filing Instructions sheet 
from the manual and destroy them. Do 
not concern yourself with the data on the 
opposite side of the deleted page since, 
if this date {s not deleted, it is replaced 
in the change package. 


2. insert all pages listed in the 'Insert'' 
column of the Fijing Instructions sheet 
in sequence, Pages with a suffix letter 
are insertedin alphabetical order follow- 
ing the page withthe same basic number; 
for example, pages 3-14A, 3-141, etc, 
follow page 3-14, 


GEN-~NASA-1A 


- 
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If you are unsure of the status of any 
page or pages, refer tothe List of Effec- 
tive Pages and make sure your manual 
contains pages (with the corresponding 
change dates)listed in the List of Effec- 
tive Pages. 


4. Remove manual supplements that have 
been incerporated. 


NOTE 


Incorporated supplements can be 
determined by reviewing the newly 
issued Manual Data Supplement 
Record, 


B. REVISIONS, 


Updating by replacing all 
the existing pages of a manual is defined as 
a revision. Revisions canbe identified by the 
replacement notice on the new title pape. 


PIS PUBLICATION REPLACES PLCINICAL 
MANUAL H-XAAX-X DATED 1 APHIE 1909 


1. Removeand destroy all existing pages of 
your manual except Manual Data Supple- 
ments that have not been incorporated. 


NOTE 


Unincorporated supplements can be 
identified by reviewing the Manual 
Data Supplement Record supplied 
in the revision. 


To collate a revision, proceed as follows: 


2. Insert the new pages in your cover. 


Introduction 


C. SUPPLEM=NTS. Updating that author- 
izes the addition to, or alteration of, the ex- 
isting data in your manual is defined as a 
Manual Data Supplement. Information on how 
to insert supplements is found in the supple- 
ments. 


HOW TO KEEP ABREAST OF THE LATEST 
CHANGES TO TECHNICAL DATA 


Changes and/or additions to technical data 
are identified by a vertical bar (change bar) 
in the margin of the page adjacent to the 
changed data. A direct comparison between 
the new (identified by the change bar)and the 
old data will help you in identifying specific 
changes made. 


GEN-NASA-2 


Figure 1. How to Mairtain Your Manual (Sheet 2 of 2) 
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2. CONFIGURATION IDENTIFICATION, 


EQUIPMENT CONFIGURATION, The MD 
identification symbol and the equipment model 
designation indicate the configuration of the 
equipment and distinguish it from models in- 
corporating different changes and from basic 
models. A basic, unchanged configuration of 
the equipment has no MD identification symbol. 
MD identification symbols are added as changes 
affecting configuration are incorporated into 
the equipment. The MD identification symbol 
is stamped on the MD plate, which is mounted 
near the engine nameplate. 


MD IDENTIFICATION SYMBOLS. The MD 
identification symbol is a composite number 
representing all the changes affecting config- 
uration (MD changes) that are incorporated or 
not incorporated intu the equipment. The 
symbol represents a consecutively numbered 
series of MD changes, Any MD change, or 
series of MD ctanges, not incorporated is 
represented by an ''X." Multi-digit numbers 
are underlined. Two figures together represent 
the limits of a series of incorporated MD 
changes. Figure 2 illustrates how MD changes 
incorporated in the equipment are represented 
by the MD identification symbol. 


te - 


MD CHANGES INCORPORATEL 


: 1 3 4 5 8 tat! Jo ul ae 


MD IDENTIFICATION SYMBOL 


x a, cee Ee beer SNe eee OR SN os «al 


MD4X78X1012 
MDX69X II 


MANUAL REFERENCE 


MD9 EL 

| | | | | | | | | | | | 
MD9 CHANGE | 

| | | | | | | | | 
MD {2 RR ae aa ETT EE ee SE ae) 


MD12 CHANGE 


He i Et | lc 


NOTE: A HORIZONTAL LINE WITHIN THE CHART INDICATES THE MD 
CHANGE REFERRED TO IN THE SYMBOL OR REFERENCE AT 


THE LEFT, 


Figure 2. MD System 
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R-3325-1 


MANUAL REFERENCE. A reference that 
appears in the manual may refer toa series of 
MD changes or to an individual MD change: for 
example, "MD9" refers to MD1 through MD9, 
but "MD9 change" refer vo the individual MD 
change 9. This latter type of reference, which 
{5 illustrated in figure 2, identifies separate 
sects of information require by differences in 
configuration. When an MD reference appears 
in this manual, examine the MD identification 
symbol on the equipment to determine which 
set of information is applicable. 


3. CONFIGURATION CHANGES--MANUAL 
EF FECTIVITY. 


All approved ECPs (Engineering Change Pro- 
posals) and associated MD numbers applicable 
to the equipment covered in this manual are 
listed in figure 3. The date in the last column 
is the publication date of the manual during which 
ne change made by the ECP was incorporated, 
When N/A is entered, the ECP does not change 
the data in the manual. Engine configuration 
information is in R-5788, Saturn J-2 Config- 
uration & Status Report. Engine serial numbers 
within this manual are ir accordance with 
Rocketdyne J-2 engine designation, 


i ile Se a ee ee 


GEN-63B 


Approved 
ECP 
Number 


J2-12 
J2-13 
J2-14 
J2-15 
J2-17 
J2-18 
J2-19 
J2-20 
J2-20R1 
J2-24 
J2-26 
J2-31 
J2-33 
J2-36 
J2-39 
J2-41 
J2-44 
J2-44R1 
32-45 
J2-46 
J2-47 
J2-48 
je-51 
J2-52 
J2-55 
J2-57 
J2-62 
J2-33 
J2-64 
J2-66 
J2-67 
J2-69 
J2-74 
J2-15 
J2~76 
J2-77 
J2-78 
J2-79 
J2-80 
J2-81 
J2-82 
32-84 
J2-85 
J2-86 
J2-87 
J2-88 
J2-90 
J2-91 
J2-92 
J2-94 


MD 


Number 


men Doe Ge eS 


Aen 
| 


«I 1 
eM Oreo OM 


t 
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Seana SE snevare LUCE TENT TTTTIT UNUSED NITUDE EEO SITEN SUTIN UNITE TERT EnTInDTIrE NS OO RUETTETTTIEN 


Incorporated 
in Manual 


Dated 


18 June 1964 
18 June 1964 
18 June 1964 
N/A 
18 June 1964 
18 June 1964 
18 June 1964 
N/A 
N/A. 
N/A 
N/A 
18 June 1964 
N/A 
N/A 
N/A 
18 June 1964 
18 June 1964 
N/A 
N/A 
18 June 1964 
N/A 
18 June 1964 
N/A 
18 June 1964 
18 Juie 1964 
18 June 1964 
N/A 
13 May 1965 
N/A 
13 May 1965 
13 May 1965 
1@ June 1964 
245 February 
18 June 1964 
18 June 1964 
13 May 1965 
N/A 
18 June 1964 
18 June 1964 
N/A 
N/A 
N/A 
N/A 
18 June 1964 
18 June 1964 


1965 


Approved 


ECP 
Number 


J2-95 
J2-96 
J2-97 
J2-99 
J2-100 
J2-101 
J2-102 
J2-103 
J2-105 
J2- 106 
J2-107 
J2-108 
J2-109 
J2-110 
J2-112 
J2-113 
J2-115 
J2-117 
J2-121 
J2-122 
J2-123 
J2~-124 
J2-125 
J2-126 
J2-127 
J2-126 
J2-129 
J2-130 
J2-139 
J2-140 
J2-141 
J2-146 
J2-147 
J2-151 
Ja-152 
J2-154 
J2-157 
J2-158 
J2-159 
J2-160 
J2-161 
J2-161R1 
JZ-161R2 
J2-163 
J2-164 
J2-166 
J2-167 
J2-172 
J2-173 
J2-174 


MD 
Number 


5) oes | Bl wal 


bo [ts 
on aca 


42 


Introduction 


Incorporated 


in Manual 


Dated 


31 December 1964 


N/A 
13 May 1965 
18 June 1964 


31 December 1964 


18 June 1964 
N/A 


26 February 1965 


N/A 
18 June 1964 
N/A 
18 June 1964 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
16 June 1964 


26 February 1965 


18 June 1964 
N/A 
N/A 
N/A 
5 May 1965 
® May 1965 
18 May 1964 


N 
26 February 1965 


N/A 
N/A 
18 June 1964 
N/4 
N/A 
N/A 


26 February 1965 


1% June 1964 
13 May 1965 


Figure 3, Configuration Changes-- Manual Effectivity (Sheet 1 of 6) 
Change Ne, 7 - 4 December 1969 
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Introduction 


Approved 
ECP 
Number 


J2-181 
J2-185 
J2-1466 
J2-188 
J2-191 
J2-191R1 
J2-195 
J2-195R1 
J2-195R2 
J2-195R3 
J2-195R4 
J2-196 
J2-198 
J2-199 
J2-200 
J2~202 
J2~204 
J2-207 
32-218 
J2~-226 
J4-227 
J2-229 
J2-229R1 
J2-232 
J2-235 
J2-236 
J2-240 
J2-241 
32-243 
J2-246 
J2-24" 
32-248 
J2+249 
J2-250 
2-251 
J2-252 
J2~254 
J2-254R1 
J2-254R2 
J2-254R3 
J2-254R4 
J2-2595 
J2-255ER1 
J2-255ER2 
J2-255ER3 
J2-255ER4 
J2-255ER5 
32-257 
J2~259 
J2-260 


R-3825-1 


Incorporated 
in Manual 
Dated 


N/A 
N/A 
N/A 
N/A 
13 May 1965 
N/A 
6 August 1965 


18 June 1964 
31 December 1964 
N/A 
31 December 1964 
13 May 1965 
N/A 
31 December 1965 
N/A 
N/A 
N/A 
N/A 
N/A 
18 June 1964 
18 June 1964 
4 September 1964 
N/A 
N/A 
13 May 1965 


N 
16 February 1966 
N/A 
N/A 
N/A 
N/A 
N/A 
N/A 
31 December 1964 
N/A 


xviil Change No. 7 - 4 December 1969 


Approved 


ECP 
Number 


J2-268 
J2-271 
J2-271R1 
J2-271R2 
J2-271R3 
J2-280 
J2-281 
J2-284 
J2-285 
J2~-286 
J2-287 
J2-288 
J2-289 
J2~290 
J2-293 
J2-296 
J2-296R1 
J2-298 
J2-298R1 
J2-300 
J2-303 
J2-306 
J2-307 
J2-308 
J2-310 
J2-310R1 
J2-310R2 
32-312 
J2-313 
J2-315 
J2-316 
12-317 
J2-318 
J2-318R1 
J2-319 
J2-319Ri 
J2-319R2 
J2-320 
J2-320R1 
32-321 
J2~322 
52-329 
J2-329R1 
J2-329R2 
J2-330 
J2-331 
J2-331R1 
J2-332 
J2-333 
J2-333R1 


Incorporated 
MD in Manual 
Number Dated 
9 N/A 
186 N/A 
_s N/A 
-- N/A 
-- N/A 
56 26 February 1965 
9 N/A 
101 N/A 
58 N/A 
3 N/A 
9 N/A 
3 N/A 
) N/A 
3 30 April 1965 
105 26 February 1965 
35 N/A 
pant N/A 
50,129 N/A 
-- N/A 
107 N/A 
56 N/A 
9 N/A 
9 N/A 
56 N/A 
137 25 October 1965 
-- N/A 
-- N/A 
9 N/A 
119 N/A 
70 N/A 
19 13 May 1965 
=) 13 May 1965 
163 6 August 1965 
ike N/A 
123 N/A 
-- N/A 
-- N/A 
100 16 February 1966 
-- N/A 
118 N/A 
ii6 N/A 
133 6 August 1965 
ee N/A 
338 J. june 1969 
88 N/A 
117 N/A 
~= N/A 
9 N/A 
14] N/A 
-- N/A 
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Approved 
ECP 
Number 


J2-345R1 
J2-347 
J2-348 
d2-350 
J2-350R1 
J2-351 
J2-351R1 
J2-352 
J2-359 
J2-359R1 
J2-360 
J2-360R1 
72-360R2 
2-361 
J2-362 
J2-363 
J2-363R1 
J2+364 
J2-365 
J2-366 
J2-367 
J2~368 
J2-368R1 
J2-369 
J2-369R1 
J2~-369R2 
J2-369R3 
J2-369R4 
J2-370 
J2-370R1 
J2~-370R2 
J2-371 
J2-372 
J2-376 
J2-330 
J2-382 
12-383 
J2-383R1 
J2~-387 
J2-387R1 
J2-387R2 
J2-387R3 
J2-387R4 
J2-2388 
J2-38¢ 
J2-389Rt 
J2-389R2 


R-3825-1 


introduction 
Approved Incorporated 
ECP MD in Manual 
Number Number Dated 
J2-396 143 N/A 
J2-390R1 =- N/A 
J2~391 88 N/A 
J2-391R) == N/A 
J2-394 148 € August 1965 
J2-394R1 -- N/A 
J2-398i 146 25 October 1965 
J2-395R1 ay N/A 
J2-397 156 N/A 
J2-398 Tez N/A 
J2-398R1 =- N/A 
J2-398 163,167,202 16 February 1966 
J2-399R1 == N/A 
J2-399R2 -- N/A 
J2-399R3 a N/A 
J2-399R4 a N/A 
J2-401 152 N/A 
J2-408 157 N/A 
J2-403R1 =. N/A 
J2-403R2 -- N/A 
J2-404 88 N/A 
J2-405 257 17 August 1986 
J2-405R1 -- N/A 
J2-405R2 as N/A 
12-407 88 N/A 
J2-408 155, 227 6 August 1965 
J2-408R1 = N/A 
J2-409 166 N/A 
J2-400R1 a N/A 
J2-409R2 ke N/A 
J2-416 160 6 August 1965 
J2-410R1 ca N/A 
J2-413 159 N/A 
J2-415 161 N/A 
J2-413R1 a N/A 
J2-414 174 25 October 1965 
J2-414R1 _ N/A 
J2-414R2 -- N/A 
J2-415 170,199,200 16 February 1966 
J2-415R1 == N/A 
J2-415R2 ~~ N/A 
J2-415R3 339 N/A 
J2-416 164, 165 N/A 
J2-416R1 —_ N/A 
J2-417 173 N/A 
J2-419 168, 169 N/A 
J2-421 172 6 August 1965 
J2-421R1 - N/A 
J2-422 171 16 February 1966 
J2-423 -- N/A 
J2-426 185 16 February 1966 


Incorporated 
MD in Manual 
Number Dated 
oe N/A 
9 N/A 
120 26 February 1965 
56, 125,126 N/A 
es N/A 
121 N/A 
122 13 May 1965 
15 N/A 
“= N/A 
124 N/A 
7+ N/A 
56 N/A 
140 N/A 
-- N/A 
139 N/A 
ae N/A 
-- N/A 
30,127 N/A 
131 N/A 
138 N/A 
Oe N/A 
182 N/A 
142 N/A 
1% 6 August 1965 
70 N/A 
130 N/A 
=- N/A 
151 16 February 1966 
-- N/A 
- N/A 
-- N/A 
-- N/A 
150,280,281 6 August 1965 
= N/A 
-- N/A 
76 N/A 
134 N/A 
135 N/A 
136 N/A 
i36 6 August 1965 
158 N/A 
“= N/A 
143,154 25 October 1965 
-- N/A 
7. N/A 
~- N/A 
-- N/A 
16s N/A 
144 N/A 
-- N/A 
-- N/A 
Figure 3, 


Configuration Changes-- Manual Effectivity (Sheet 3 of 6) 
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nn 


Approved Incorpsrated Approved Incorporated 


ECP MD in Manual ECP MD in Manual 

Number Number Dated Number Number Dated 
J2-428 194 16 February 1966 J2-471R1 -- N/A 
J2-429 185 16 February 1966 J2-471R2 -- N/A 
32-430 172 16 February 1966 J2-472 193 3 May 1966 

J2-430R1 -- N/A J2-474 215,231,245 3 May 1966 

J2-430R2 -- N/A J2-474R1 =e N/A 
J2-430R3 -: N/A J2=474R2 -- N/A 
J2-431 177 25 October 1965 J2-474R3 -- N/A 
J2-431R1 ~~ N/A J2-474R4 -- N/A 
J2-431R2 -- N/A J2-474R5 -- N/A 
J2-432 176 N/A J2-475 -- 3 May 1966 

J2-433 178 25 October 1965 J2-475R1 -- N/A 
J2-434 180, 181 25 October 1965 J2-475R2 -- N/A 
J2-435 “179 16 February 1966 J2-476 i96 N/A 
J2-435Ft1 — N/A J2-476R1 _— N/A 
32-437 192,246 18 May 1967 J2-476R2 -- N/A 
J2-437R1 -- N/A J2-476R3 -- N/A 
J2-437R2 -- N/A J2-477 239,310 N/A 
J2-438 185 N/A J2-477R1 se N/A 
32-440 201 25 October 1965 J2-477R2 - N/A 
J2=445 172 N/A J2-479 206, 232 N/A 
J2-449 183 25 October 1965 J2-479R1 oe N/A 
J2-449R1 -_ N/A J2-479R2 -- N/A 
32-451 172,206 17 August 1966 J2-479R3 “= N/A 
J2-452 ~ 184° 16 February 1966 J2-481 217 N/A 
J2-455 188, 198 16 February 1966 J2-482 333 N/A 
J2-455R1 ra N/A J2-482R1 — N/A 
J2-455R2 -- N/A J2-483 224,225,292 N/A 
J2-455R3 ro N/A J2-483R1 ~  -- N/A 
J2-458 191 16 February 1966 J2-483 R2 -- N/A 
J2-458R1 —_ N/A J2-483 R3 -- N/A 
J2-459 205 16 February 1966 12-493 R4 -- N/A 
J2-459R1 -- N/A J2-485 -- N/A 
J2-459R2 -- N/A J2-488 208 N/A 
J2-461 204 17 August 1966 J2-488R1 =~ N/A 
J2-461R1 _— N/A J4-489 185 N/A 
J2-461R2 -- N/A $2-489R1 -- N/A 
J2-463 189 16 February 1966 J2-489R2 -- N/A 
J2-465 199, 334 16 February 1966 J2-492 223 18 May 1967 

J2-465R1 -- N/A J2-492R1 -- N/A 
J2-466 239,310 N/A J2-492R2 -- N/A 
J2-466R1 Cae g N/A J2-492R3 -- N/A 
J2-466R2 -- N/A J2-493 185 N/A 
J2-467 212 N/A J2-494 210 N/A 
J2+468 172 3 May 1966 32-495 207 N/A 
J2-468R1 a N/A J2-496 203 N/A 
J2-469 195 N/A 32-497 213 N/A 
J2-469R1 “~ N/A J2-497R1 = N/A 
J2-470 211,319 3 May 1966 J2-469 -- N/A 
J2-470R1 ar N/A J2-499R2 -- N/A 
J2-471 212,228 16 February 1966 J2-500 208 3 May 1966 


Figure 3. Configuration Changes-- Manual Fffectivity (Sheet 4 of 6) 
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R-3825-1 Introduction 


Approved Incorporated 


Approved Incorporated 
ECP MD in Manual ECP MD in Manual 
Number Number Dated 
J2-501 os 3 May 1966 J2-553R1 347 18 June 1969 
J2-501R1 -- N/A J2-555 264 N/A 
J2-bO1R2 -- N/A J2-556 -- N/A 
J2-505 214 3 May 1968 J2-557 249 N/A 
J2-507 226 17 August 1966 J2-558 258,261,321 N/A 
J2-507R) -- N/A J2-558R1 =- N/A 
72-510 218 N/A J2-559 -- N/A 
J2-511 219 N/A J2-560 ae N/A 
J2-511R1 a N/A 32-561 273 N/A 
J2-513 221 3 May 1966 J2-564 35a N/A 
J2-513R1 —_ N/A J2-566 243 N/A 
J2-514 -= N/A J2-566R1 =a N/A 
J2-522 -- N/A J2-567 275 29 November 1967 
J2-522R1 -« N/A J2-567R1 -- N/A 
J2-522R2 -- N/A J2-568 271 29 November 1967 
J2-523 233 17 August 1966 J2-570 294 N/A 
J2-524 329 N/A J2-571 239 N/A 
32-525 334 16 May 1967 J2-571R1 as N/A 
J2-525R1 22 N/A J2-575 256,267,278 18 May 1967 
J2-527 238 , 248 18 May i937 J2-575R1 == N/A 
250,290 J2-575R2 -- N/A 
J2-527R1 -- N/A J2-575R3 -- N/A 
J2-527R2 -- N/A J2-575R4 -- N/A 
J2-527R3 341 N/A J2-5"5R5 a N/A 
J2-528 ae N/A J2-576 -- N/A 
J2~528R1 -- N/A J2-577 -- N/A 
J2-529 230 N/A J2-577R1 -- N/A 
J2-31 243 N/A J2-577R2 -- N/A 
J2-532 270 N/A ; J2-577R3 -- N/A 
J2-532R1 -- N/A J2-580 -- N/A 
J2-538 244 18 May 1967 J2-581 257,318 N/A 
J2-538R1 ~- N/A J2-581R1 --_ N/A 
J2-540 240 N/A J2-581R2 -- N/A 
J2-541 -- N/A J2-581R3 -- N/A 
J2-541R1 = N/A J2-582 259 N/A 
J2-542 242 N/A J2-587 201 N/A 
J2-544 236 N/A J2-588 263,274 20 September 1967 
J2-545 335 N/A J2-588R1 he N/A 
J2-546 243 N/A J2-588R2 -- N/A 
J2-546RL == N/A J2-588h3 355 18 June 1969 
J2-547 241 N/A J2-589 _— N/A 
J2-547R1 7 N/A J2~590 260 N/A 
J2-547R2 ~- N/A J2-590R1 a N/A 
J2-648 237 N/A J2-590R2 -- N/A 
J2-549 347 18 May 1967 J2-590R3 -- /A 
J2-550 562 10 July 1968 J2-590R5 = 18 June 1969 
J2--551 278,277 N/A J2-592 272 20 Septembe.: 1967 
J2-551R1 -= N/A J2-504 268,209,279, 20 Septenber 1987 
J2-552 251,252 N/A 282 , 296,513, 
32-553 254" 18 May 196 314,315 
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Number 


Approved 


ECP 


J2-641 
J2-642 
J2-643 


J2-643R1 
J2~643R2 
J2-645 
J2-646 
J2-647 
J2-647R1 
J2-649 
32-650 
J2-651 
J2-652 
J2-653 
J2-654 
J2-655 
J2-656 
J2~§57 
J2-657R1 
J2-657R2 
J2-659 
J2-662 
J2-666 
J2-666R1 
J2-666R3 
J2-668 
J2-671 
J2-675 
J2-689 
J2-689R1 
J2-689R2 
J2-689R3 
J2-694 
J2-694R2 
32-695 
J2-697 
J2-700 
J2-704 
J2-708R1 
J2-711 
J2-714 
J2-717 


,331,832, 


363 
363,373, 374 


Incorporated 
in Manual 


18 June 1969 
18 June 1969 


18 June 1969 
18 June 1969 
N/A 
N/A 
N/A 
N/A 
18 June 1969 
18 June 1669 
N/A 
18 June 1969 
4 December 1969 
N/A 
18 June 1969 
N/A 
N/A 


4 December 1969 

18 June 1969 

4 December 1969 
N/A 

25 May 1971 
N/A 

25 May 1971 
N/A 
N/A 
N/A 

7 May 1970 
N/A 
N/A 

22 February 1971 

18 October 1972 
N/A 
N/A 

18 October 1972 


Figure 3. Configuration Changes-~Manual Effectivity (Sheet 6 of 6) 


Intraduction 

Approved Incorporated 

ECP MD in Manual 

Number Number Dated 
J2-594R1 -- N/A 
J2-594R2 -- N/A 
J2-594R3 -- N/A 
J2-598 266 N/A 
J2-599 265 N/A 
J2-599R1 == N/A 
J2-599R2 -- N/A 
J2-600 239 . N/A 
J2-601 283 29 November 1967 
J2-601R1 == N/A 
J2-602 284,285 N/A 
J2-602R1 — N/A 
J2-6028 286 N/A 
J2-603R1 ss N/A 
J2~603 R2 “- N/A 
J2-604 on N/A 
J2-605 287 29 November 1967 
J2~606 324 10 July 1968 
J2-606R1 -- N/A 
J2-607 288,289,290, N/A 

297,298,299, 
305,306,307, 
, 309,352 

J2-607R1 ~ == 7 N/A 
J2~6U7R2 -- N/A 
J2-608 300 N/A 
J2-612 293 29 November 1967 
J2-612R1 -- N/A 
J2-613 -- N/A 
J2-616 303,304 29 November 1967 
J2-618 270 N/A 
J2-620 295,301,302, 29 November 1967 

322, 323 

J2-620R1 -- N/A 
J2-620R2 -- N/A 
J2-620R3 ~~ N/A 
J2-621 311,312 N/A 
J2-624 316,317,320 10 July 1968 
J2-624R1 (342,351 18 June 1969 
J2-624R2 -- N/A 
Jj2-627 = N/A 
J2-631 325 N/A 
J2-632 —_ N/A 
J2-633 340,349,350 18 June 1969 
J2-634 os N/A 
J2-636 333 N/A 
J2-636R1 = N/A 
J2-637 335 18 June 1969 
J2-640 336 N/A 
J2-640R1 == N/A 
xxii Change No. 12 - 18 October 1972 


R-3325-1 


4, ABBREVIATIONS. 


The following abbreviations appear through- 
out this manual: 


ASI 
ECA 
FI 
GG 
HB 


Hz 


PU 
SAC/MDAC 


SB 
SIC 
STDV 
VAB 
VSsC 


Augmented spark igniter 

Electrical control assembly 

Flight instrumentation 

Gas generator 

Huntington Beach (McDonnell- 
Douglas Corporation) 

Hertz (frequency in cycles per 
second) 

Kennedy Space Center 

Mainstage 

Main fuel valve 

Millimeters of mercury (vacuum) 

Main oxidizer valve 

Mixture ratio control valve 

Mississippi Test Facility (INASA) 

Mixture Ratio 

National Aeronautics and Space 
Administratiun 

Net positive suction head 

Oxidizer turbine bypass valve 

Chamber pressure 

Propellant utilization 

Sacramento Test Site (McDonnell- 
Douglas Corporation) 

Seal Beach (Space Division) 

Spark igniter cable 

Start Tank discharge valve 

Vertical Assembly Building (KSC) 

Vibration safety cutoff 
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SECTION I 


DESCRIPTION AND OPERATION 


1-1. SCOPE. This section contains general 
description of the J-2 recket engine and a 
detailed description of each subsystem and 
éugine -omponent. Engine operation is 
cesuribed from engine start through cutoff. 


1-2, J-2 ROCKET ENGINE. 


1-3, The J-2 rocket engine (figure 1-1) isa 
high-performance, multiple-restart engine that 
uses liquid oxygen for oxidizer and liquid hydro- 
gen for fuel, Each propellant is pumped into 
the thrust chamber by separate gas-turbine- 
driven, direct-drive turbopumps. The two 
turbopumps are powered in series by a single 
gas generator that uses the same propellants 
as the thrust chamber. The thrust chamber is 
tubular-walled and is regeneratively cooled by 
circulating fuel through the tubes before the 
fuel is injected into the combusticn area. The 
engine has a refillable start tank from which 
pressurized gaseous hydrogen is routed to the 
turbopump tuibines for starting the engine. 
This feature, combined with the augmented 
spark ignition system, makes the J-2 a multi- 
start engine. Average performance parameters 
and major components weights for the engine 
are in figure 1-2. 


1-4, J-2 ENGINE APPLICATION AND 
RELATED CONFIGURATION. 


1-5, The J-2 rocket engine was developed to 
provide the power for the SIVB stage of the 
Saturn JB vehicle and for the SII and SIVB stages 
of the Saturn V vehicle. (See figure 1-3.) 


1-6. The SII stage is propelled by a cluster of 
five “-2 engines, four outboard engines and one 
inboard engine. Because only a single engine 
start is required for SII stage application, the 
engines are modified to delete the engine restart 
capabllity by blocking off the start tank refill 
lines, The inboard and outboard engines are 
basically identical, except that the inboard en- 
gine has stage-provided inlet ducts, the hydrogen 
tank pressurization tapoff on the thrust chamber 
fuel injection manifold is not used, and the stage- 
provided hydraulic pump is not installed on the 
oxidizer turbopump accessory drive pad. Each 


engine is attached to the stage structure by the 
gimbal assembly. The inboard engine is stabi- 
lized by fixed struts connected to the thrust 
chamber gimbal actuator attach points. The 
outboard engines have stage-provided gimbal 
actuators that gimbal the engines to provide 
pitch, yaw, and roll movements to the vehicle. 
Hydraulic pressure for operation of the gimbal 
actuators is supplied by a stage-provided hy- 
draulic pump mounted on the accessory drive 
pad located on the turbine exhaust manifold of 
the oxidizer turbopump. 


1-7. The SIVB stage is propelled by one J-2 
engine, The engine used in the Saturn IB, SIVB 
stage and the engine used in the Saturn V, SIVB 
stage are basically identical, except that the 
engine used in the Saturn IB, SIVB stage is 
modified to delete the engine restart capability 
by blocking off the start tank refill lines. The 
SIVB stage routes stage-supplied helium instead 
of engine-supplied oxygen through the engine 
heat exchanger for oxidizer tank pressurization. 
The heat exchanger antiflood check valve and 
the oxidizer supply line are removed from the 
engine and a blanking plate is installed on the 
high-pressure duct. The engine is attached to 
the stage structure by the gimbal assembly. 
Stage-provided gimbal actuators are connected 
to attach points on the thrust chamber. The 
actuators gimbal the engine to provide pitch 

and yaw movements to the vehicle. 


1-8, ENGINE PHYSICAL DESCRIPTION. 


1-9. The J-2 rocket engine (figure 1-1) is 
within an envelope 80.75 inches in diameter 

and 133 inches long and weighs approximately 
3,492 pounds dry. Thrust vector is achieved 
by gimbaling the entire engine, The gimbal is 
installed at the center of the thrust chamber 
injector dome, and gimbal actuator attach points 
are located on the thrust chamber body, The 
rocket engine comprises the propellant feed 
system, gas generating system, start system, 
ignition system, control system, purge system, 
and the flight instrumentation system. (See 
figure 1-4.) 
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Figure 1-1. J-2 Rocket Engine (Sheet 2 of 2) 
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Average Performance Parameters (230K Engines) 


Thrust (Altitude) 230,000 pounds 
Specific Impulse 425 seconds 
Oxidizer Flowrate (LO,) 488 lb/sec - 2,365 gpm 
Fuel F" vrate (LH) 84 lb/sec - 8,587 gpm 
Mixture atio 5.5:1 O/F 
Fuel Pump Speed 27,167 rpm 
Oxidizer Pump Speed 8,698 rpm 
Fuel Pump Outlet Pressure 1,251 pala 
Oxidizer Pump Outlat Pressure 1,108 psta 
Thrust Chamber Pressure (Injector) 180 pala 
Gas Generator Pressure (Injector) 682 pala 
Weight Weight 
Major Components Weights (1b) Major Components Weights (ib) 
Gimbal Bearing (Without Boot and 77 Gao Generator Control Valve 21 
Attached Hardware) Fuel Bleed Valve 12 
Thrust Chamber Injector Dome 213 Oxidizer Bleed Valve 12 
Thrust Chamber Body 861 Start Tank Discharge Valve 28 
Piel ee pepime 418 Oxtdizer Turbine Bypass Valve 19 
Oxidizer Turbopump 508 Mixture Ratio Control Valve 25 
Fuel Turbine Exhaust Duct a3 Start Tank Discharge Valve Hose 17 
gat Exchanger Duct 104 High-Pressure Oxldizer Duel 64 
Fuel Turbopump Inlot Duct 136 (With Flowmeter) 
(Haynea 25 (L 605) Bellows) High-Pressure Fuel Duct (With 14 
Fuel Turbopump Inlet Duct jit Flowmeter and Insulated) 
(neo-118 Bellows) Primary lustrumentation Package 33 
Oxidizer Turbopump Inlet Duct 121 Auxiliary Instrumentation Packago 29 


(Haynes 25 (L 605) Bellows) 


Oxidizer Turbopump Inlet Duct 
(Inco 718 Bellows) Helium Regulator Assembly 20 
(Pneumatic Control Package) 


94 Electrical Contro] Assembly 58 


Integral Hydrogen-Helium Start 89 
Tank (Insulnted) 

Main Oxidizer Valve 32 

Main Fuol Valve a4 


Figure 1-2. Average Engine Performance Parameters and Major Components Weights 
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Figure 1-3. dJ-2 Engine Application 
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1-10, PROPELLANT PEED SYSTEM 
DESCRIPTION, 


1-11, The propellant feed system transfers 

and coatrols the oxidizer and fuel from the stage 
to the thrust chamber and gas generator com- 
bustion zones. The systen' consists of a thrust 
chamber assembly, oxidizer turbopump, fuel 
turbopump, main oxidizer valve, main fuel 
valve, oxidizer and fuel bleed valves, propellant 
inlet ducts, propellant high-pressure ducts, and 
a nixture ratio control valve. 

1-12, THRUST CHAMBER ASSEMBLY. 

1-13. The thrust chamber assembly recelves 
liquid propellants under turbopump pressure, 
gasifies, mixes, and burns the propellants, and 
imparts a high velocity to the expelled combus- 
tion gases to produce thrust for vehicle 
propulsion, 


1-14. The thrust chamber assembly consists 
of a thrust chamber body, an injector assembly, 
and a glmbal bearing assembly. The integral 
dome/injector assembly is bolted to the body. 
The mating surfaces of the injector assembly 
and thrust chamber body are scaled at the inner 
diameter by a hollow K-Monel O-ring seal and 
at the outer diameter by a pressurc-actuated 
Naflex seal at the bolted flange. The gimbal 
bearing assembly is bolted to four support posts 
machined into the forward end of the {nJector 
assembly, 


1-15. THRUST CHAMBER BODY. The thrust 
chauinber body contains a combustion chamber 
for burning the propellants, a narrowing throat 
rection, and a 27, 5:1 expansion nozzle section 
through which combustion gases are oxpelled at 
the supersonic velocity necessary to produce 
the desired thrust. 


1-16. The thrust chamber body (figure 1-5) ts 
107 inches long and has an inside diameter of 
18.3 inches at the combustion chamber, 14,7 
inches at the throat, and 77 inches at the exit 
ring. The thrust chamber body ts a tubular- 
walled, regeneratively fuel-cooled, bell-shaped 
chamber constructed of formed stainless steel 
tubes consisting of 180 short (down) tubes and 
360 long (up) tubes. The tubes are furnace- 
brazed together and are supported by bands 
around the tubes for external stiffening. The 
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thrust chamber body has three mantfolds, The 
forward fuel manifold is welded to the top of the 
thrust chamber body and has a flange for the 
attachment of the injector, The manifold receives 
hydrogen from the chamber up tubes, distributes 
the hydrogen to the fuel section of the injector, 
and supplies gaseous hydrogen for pressurizing 
the stage fuel tank and for refilling the engine 
start tank. The fuel inlet manifold ts welled 
around the riiddle of the chamber at the plane 
where the short (down) tubes start. The mani- 
fold has a flange for the attachment of the main 
fuel valve, Fuel enters the manifold through 

the main fuel valve and is distributed to the 180 
short (down) tubes, which ends are welded to the 
manifold, The fuel inlet manifold also has an 
avgmented spark igniter fuel supply port anda 
fuel Jacket purge inlet yort. The exhaust mani- 
fold is a tapered manifold welded around the 
chamber just above the fuel inlet manifold, The 
manifold has two inlet flanges 180 degrees apart; 
one inlet is connected to the oxidizer turbine 
exhaust duct and the other to the oxidizer turbine 
bypass valve. The manifold outlet is through 
openings between the long (up) tubes (cat- eyes) 
along the inside diameter of the thrust chamber, 


1-17. THRUST CHAMBER INJECTOR, ‘lhe 
thrust chamber injector (figure 1-6) Is a fuel- 
face-cooled, concentric element Injector that 
mixes and distributes the propellants into the 
combustion chamber in a manner to produce the 
most efficient combustion. The Injector is 
approximately seven Inches in length and 22 
inches in dlameter. The injector is a welded, 
one-piece injector/dome unit containing 614 
oxidizer feed posts, an equal number of fuel 
sleeves, anda porous metallic faceplate. The 
oxidizer posts are electrically discharge ma« 
chined from the nickel alloy tnjector plate dic 
forging, and direct the oxidizer from the dome 
fo the combustion chamber, The fuel sleeves 
aro threaded to the oxidizer posts, and retain 
the faceplate in position. The sleeves have four 
radial fuel inlet holes ported to the gap between 
the oxidizer posts and sleeves which direct the 
fuel from the fuel manifold to the combustion 
chamber, The porous faceplate is transpiration 
cooled by fuel frotn the fuel manifold and con- 
tains a row of 253 fuel orifices near its outer 
diameter to film cool the walls of the combustion 
chamber. 
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1-18. GIMBAL. 


1-19. 'The gimbal bearing assembly (figure 1-7) 
is approximately ten inches in diameter and six 
inches high and is mounted on the thrust chamber 
and is attached to the stage frame. The gimbal 
is used to support the engine, transmit thrust 

to the stage, and permit the engine to be rotated 
about {ts x- and z-axes to enable the vehicle to 
change angular direction of velocity for course 
correction. ‘The gimbal is essentially a univer- 


Sal joint that consiste of a spherical bearing, 
coated with a Teflon-fiberglass composition 
(fabroid), and is held in a spherical socket. The 


SEAY 


FABROLD 


SHAFT — 


x 


iy 


THRUST CHAMBER 
INJECTOR ASSEMILY—- 


Cees aa one 
~ SC arerey — 


ee 


R-3825-1 


fabroid provides a dry, low-friction-bearing 
surface. The gimbal consists of a misalinement 
plate, a body, a shaft, anda seat. The spheri- 
cal section of the shaft mates with the body, and 
the spherical section of tne body mates with the 
seat to form the universal joint. The misaline- 
ment plate and body bolt to the thrust chamber 
injector, and the shaft fits into a recess of the 
body and is secured by two retainers, The seat 
bolts to the stage and is indexed hy a ke, way 
and two keys. Two adjustment bolts allow the 
misalinemenc plate to be laterally repositioned 
to the injector and the body to be laterally repo- 
sitioned relative to the misélinement plate, 
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Figure 1-7, Gimbal 
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1-20. OXIDIZER TURBOPUMP. 


1-21. The oxidizer turbopump (figure 1-8) is 
a single-stage, centrifugal.type pump powered 
by a direct-drive, two-stage, gas-driven turbine, 
The nrincipal parts of the oxidizer turbopump 
are a pump shaft, an inducer, an impeller, a 
volute and two turbine wheels. Carbon seals, 
augmented by a dynamic helium purge, contain 
the oxidizer and provide a barrier between the 
oxidizer and the hot gas, The pump is within a 
basic envelope 21 inches in diameter and 18 
inches in length. 


1-22, The pump shaft is a hollow, chromium- 
plated, nickel alloy shaft, supported by two 
liquid-oxygen-cooled bearings. The inducer 

and impeller are spline connected to the forward 
end of the shaft, and the turbine wheels are con- 
nected through ecurvic couplings and bolts to the 
other end, An internally splined adapter, bolted 
to the second-stage turbine wheel, provides the 
power takeoff to drive a stage-provided hy- 
draulic pump. The volute houses the shalt, 
inducer and impeller, and has two flanges on 
which the mixture ratio control valve is mounted, 
One flange ts ported to the discharge side of the 
pump, and the other is ported by internal pas- 
Sages to the Inlet side of the impeller, The 
volute supports the turbine manifold by 33 
radially installed pina which permit movement 
of the manifold and volule section caused by 
thermal expansion and contraction, The carbon 
Seals conslst of a bellows loaded, face-riding, 
primary seal that contains the liquid oxygen at 
the No. 2 bearing, a similar type turbine seal 
located forward of the first-stage turbine wheel 
to contain the hot gas in the ‘urbine section, 

and a carbon segmented intermediate seal lo- 
cated between the primary and turbine seals, 
The Intermediate seal ts purged with helium 
during engine ope. ation to further isolate the 
oxidizer from the hot gas. 


1-23, Tho driving force for operating the 
oxidizer turbopump is provided by the two-stage 
turbine which 1s driven by hot gas that has pre- 
viously passed through the fuel turbopump 
turbine from the gas generator. The turbines 
of the oxidizer and fuel turbopumps are con- 
nected in-series by exhaust ducting that directs 
the discharged exhaust gas from the fuel turbo- 
pump turbine to the inlet of the oxidizer turbo- 
pump turbine manifold, Tne manifold routes 
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the hot gas to the turbine nozzle, which increases 
the velocity of the hot gas and directs it to the 
turbine blades of the [{rst-stage turbine wheel, 
from where the gas is directed by the stator 
blades to the second-stage turbine wheel. After 
leaving tho turbine the gas is routed through the 
heat exchanger to the exhaust manifold and then 
overboard through the thrust chamber. Power 
from the turbine is transmitted to the impeller 
and inducer by the pump shaft. Liquid oxygen 
enters the pump at stage oxidizer tank pressure, 
and the inducer increases the oxidizer pressure, 
to prevent cavitation, and directs the oxygen to 
the inlet of the impeller, The impeller increases 
the velocity of the oxygen and discharges it into 
the volute. The volute converts the kinetic 
energy of fluid velocity to potenttal energy of 
fluid pressure, The liquid oxygen is then 
directed from the volute to the high-pressure 
duct. 
1-24, FUEL TURBOPUMP. 

1-25. The fuel turbopump (figure 1-9) {s an 
axlal flow pumping unlt, powered by a direct- 
drive, two-stage, gas-driven turbine, The 
principal parts of the fuel turbopump are a one- 
plece, seven-stage rotor, a three-section stator 
assembly, a volute, an inducer, two turbine 
wheols, and the necessary seals to contain the 
hydrogen and provide a barrier between the 
hydrogen and the how gas, ‘The pump is within 

a basle envolope 18 Inches In dlameter and 30 
inches in length, 


1-26, The one-piece rotor contains seven rows 
of blades machined into the outer periphery and 
is encased by the stator assembly which has slx 
rows of ctator vanes af its {nner periphery. The 
rotor is supported by two liquid-hydrogen-cooled 
ball bearings that are spring-loaded in opposing 
directions, to maintain the axlal position of the 
rotor during staitc conditions, During pump 
operation, the axial position of the rotor Ls 
maintained by a self-compengating balance 
piston, powered by liquid hydrogen bled from 
the last stage of the rotor, The volute assembly 
encloses the sintor assombly and contains the 
flanges for attaching the fuel inlet duct and the 
fuel high-pressure duct. The volute is insulated 
with polyurethane foam, to ald in maintaining 
the hydrogen in its liquid state, The inducer is 
spline-connected to the forward end of the rotor 
shaft, and the two turbine wheels are mounted 
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Figure 1-8. Oxidizer Turbopump (Sheet 1 of 2) 
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Figure 1-8. Oxidizer Turbopump (Sheet 2 of 2) 
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on studs at the other end of the rotor shaft. 

Two face-riding, hellows-loaded seals and on? 
carhon-segmented seal isolate the liquid hydro- 
gen from the turbine section, The face-riding 
seals consist of the primary seal, located 
behind the No, 2 bearing, and the secondary 
seal, Jocated between the primary seal and the 
turbine seal, The carbon-segmented turbine 
seal is the seal located nearest the turbine 
section. The cavities between the primary 

seal and secondary seal and between the second- 
ary seal and the turbine seal are purged with 
stage: provided helium to eliminate any moisture 
before introducing propellants to the engine. 


1-27, The driving force for operating the fuel 
turbopump is provided by the two-stage turbine 
that is driven by hot gas from the gan generator 
during engine operation, A manifold with two 
inlet ports connects the gas generator to the 
turbine; one inlet receives gas from the start 
tank for engine starting and the other trom the 
gas generator during engine operation, Gas is 
routed to the turbine inlet manifold, whitch 
distributes the gas to the nozzle. The nozzle 
increases gas velocity and directs the gas into 
the {lrst-stage turbine wheel, and the stator 
blades direct the gas to the second-stage turbine 
wheel. After leaving the turbine tie gas is 
routed through exhaust ducting tc the oxidizer 
turbopump turbine and the oxidizer turbine by- 
pass valve, Liwuld hydrogen enters the pump 
inlet at stage fuel tank pressure and the inducer 
increases the hydrogen preasure, to prevent 
cavitation and perm’. a lower inlet pressure. 
The inducer directs the hydrogen through the 
support vanes into the flrat-stage blades of the 
rotor, where compression begins. The hydrogen 
is then redjrected by the first row of stator 
vanes into the next row of rotor blades. This 
action 1s repeated through the seven stages, 
with each stage contributing lo the total pressure 
buildup. Hydrogen from the final stage is 
directed through the diffuser vanes within the 
volute and out into the high-pressure fuel duct, 


1-28. MAIN OXIDIZER VALVE. 


1-29. The main oxidizer valve (figure 1-10) 
controls the flow of oxidizer from the oxidizer 
turbopump to the thrust charaber. The matin 
oxidizer valve 18 a pnownatically actuated, 
spring-loaded closed, valve with a butterfly- 
type gate. The valys is within a basic envelope 
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of 18 inches by 15 inches by 10 Inches. The 
valve has two open positions controlled by sepa- 
rate first- and second-stage actuators, A 
sequence valve, that is an integral part of the 
main oxidizer vaive, is mechanically opened by 
the main oxidizer valve first-stage actuator to 
direct hellum pressure to the gas generator 
control valve open port and to the oxidizer tur- 
bine bypass valve close port. When the valve 

is In the closed position, the sequence valve 
connects both sides of the gag generator contro! 
valve actuator, The gsecord-stage actuator pistor 
shaft 1s connected to the patie shaft by a Hnk-and- 
lever which converts the linear movement of the 
piston shaft to rotary movement of the gate shaft. 
The first-stage actuator piston shaft contains a 
roller bearing at one end that contacts the link 

of the second-stage actuator shaft when the valve 
is in the closed position, The opening travel of 
the first-stage actuator, through the cam actlon 
of the bearing and link, opens the valve gate 14 
degrees, which 1s the first position of valve 
opening. A valve position indicator, consisting 
of a rotary-motion variable resistor and open 
and close position switches, fa connected to the 
gate shaft, to remotely indicate valve motion 

and position, The val,» gate housing has mouni- 
ing padn for the installation of the oxidizer 
inject. urge check valve and augmented spark 
ignive. Ive. 


1.30. For valve opening, helium pressure is 
simultaneously applied to opening control ports 
of the first- and second-stage actuators and 
vented from the closing control port of the 
second-stage actuator through a thermal- 
compensating orifice, The therrnal-compensating 
orifice maintains a constant volume venting rate 
from the second-stage actuator regardleas of 
helium temperature, so that valve timing changes 
as a resuli of actuator gas temperature varia- 
tlons are practically eliminated. At three to 
elght degrees of valve opening travel, the se- 
quence valve opens to direct helium pressure 

to open the gas genarator control valve and 

close the oxidizer turbine bypass valve. At 14 
degrees uf valve opening, the first-stage actuator 
reachea its limit of travel, and the second-stage 
actuator opens the valve the remaining 76 
degrees. Valve closing is accomplished by 
applying helium pressure to the closing port of 
the second-stage actuator and venting opening 
pressure from both actuators. Valve closing 

is assisted by actuator springs. 
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1-31, MAIN FUEL VALVE. 


1-32. The main fuel valve (figure 1-11) controls 
the flow of hydrogen from the fuel turbopump to 
the thrust chamber. The matin fuel valve is a 
pneumatically actuated, spring-loaded~closed 
valve with a butterfly-type gate. Theo valve is 
within a basic envelope of 18 inches by 15 inches 
by 10 inches, A sequence valve, that is an 
integral part of the actuator housing, is opened 
by the valve actuator piston to admit helium 
pressure to the start tank discharge valve 
control valve, The actuator piston shaft is 
connected to the gate shaft by a link-and-lever 
which converts the near movement of the 
piston shaft to rotary movement of the gate 
shaft. A valve position indicator, consisting 

of a rotary-motion varlable resistor and open 
and close position switches, is connected to 

the gate shaft to remotely indicate valve motion 
and position. 
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Fuel Turbopump (Sheet 2 of 2) 


1-33, The main fuel valve moves from a 
normally cloged position to the open position 
when helium pressure {8 applied to the opening 
control port, and pressure is vented from the 
cloging control port. When the matn fuel valye 
reaches 90-percent open, the actuator plston 
contacts the sequence valve position, Actuation 
of the sequence valve connects the aequence in 
port to the sequence out passage, directing 
hellum pressure to enter the start tank discharge 
valve control valve. Spring tenslon and helium 
ptessure applied to the actuator piston close 

the valve, The malin fuel valve opening, closing, 
and delay times are controlled by an orifice, 
located at the opening control port, 
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1-34, OXIDIZER AND FUEL BLEED VALVES. 


1-35, The oxidizer and fuel bleed valves 
(figures 1-12 and 1-13) vent propellant gases 
from the oxidizer and fuel systems during pre- 
chill operations, before engine start, and after 
engine cutoff. The valves, located on the high- 
pressure ducts, are functionally the same. 
Each valve is within a basic envelope uf six 
inches by three inches by seven inches. They 
are poppet-type valves that are bellows~-loaded 
to the open position and pressure-actuated to 
the close position. The valves heave an inner 
and an outer bellows assembly that acts as 
springs and seals, The valves incorporate a 
position switch that indicates when the valve is 
in the closed pesition. The inlet and outlet 
ports are interconnected, with the poppet con- 
trolling the bleed port. 


1-36, Before engine start, the propellant feed 
systems are chilled by recirculating fuel and 
oxidizer from the stage tanks through the engine 
bleed valves and back to the stage tanks, At 
engine start, pneumatic pressure is supplied 

to the closing port of the bleed valves, Pneu- 
matic pressure overcomes the bellows spring 
force and the bleed pressure on top of the poppet, 
to actuate the valve to the closed position, As 
the poppet seats against the bleed port outlet, 
the position awitch sends a signal to indicate 
that the valve is in the close position, At engine 
cutoff, pneumatic pressure is removed from the 
closing port. Bellows tension, aided by propel- 
lant pressure remaining inside the inner 
bellows, opens the valve. 


1-37, OXIDIZER AND FUEL INLET DUCTS, 


1-38, The oxidizer and fuel inlet ducts (figures 
1-14 and 1-15) convey the propellant from the 
Stage to the oxidizer and fuel turbopumps. Each 
duct has two bellows assemblies, mounted in 
tandem, and is normally 22.85 inches long, with 
an inside diameter of eight inches and an outside 
diameter of 11 inches. The bellows are stabil- 
ized by bipod cleyis assemblies that allow 
maximum engine gimbaling without collapsing 
the bellows, The fuel duct incorporates an 
internal duct, that results in a double-skinned 
unit, separated by a gap that provides a vacuum 
jacket for insulation of the propellant. The two 
bellows assemblies are bolted together at the 
center and sealed by the torsional bellows. 
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1-39, OXIDIZER AND FUEL HIGH-PRESSURE 
DUCTS. 


1-40. The oxidizer and fuel high-pressure 
ducts (figures 1-16 and 1-17) convey the propel- 
lants from the turbopump outlets to the thrust 
chainber inlets, The fuel duct is approximately 
59 inches long with an inside diameter of four 
inches, and the oxidizer duct 1s approximately 
34 inches long with an inside diameter of four 
inches. The high-pressure ducts are basically 
two flanged tubes that are bolted together and 
support a flowmeter at the mating sections. A 
yellows section in each section of the ducts 
allows contraction and expansion, A compen~ 
sator bellows is located in the protruding portion 
of the cucts to nullify expansion forces of the 
other bellows. Three tie rods control expansion 
and help maintain duct alinement, Each duct has 
a tapoff for supplying propellants to the gas 
generator system. The fuel duct is insulated 
with a layer of polyurethane foam covered with 
fiberglass. 

1-4), MIXTURE RATIO CONTROL VALVE, 
1-42, The mixture ratio control valve (figure 
1-18) allows the engine to operate at either one 
of two fixed mixture ratios to achieve maximum 
vehicle performance. The valve changes mix- 
ture ratio by routing a portion of the oxidizer 
flow from the oxidizer turbopump outlet back 

to the pump impeller inlet. The valve has an 
actuator assembly and 4 gale assembly. The 
actuator 18 two-position, electro-pneumatic 

and is spring-loaded to keep it in the high engine 
inixture ratio position (valve closed), Pneumatic 
pressure is directed to the actuator piston by a 
three-way pneumatic control valve that is ener- 
gized by a stage signal. The gate assembly 
consists of a rotaling sleeve within a stationary 
outer sleeve. Each sleeve has three elongated 
holes; by rotating the inner sleeve (valve gate) 
the holes are alined or misalined, to control 

the amount of oxidizer flow through the valve. 
The valve position indicator is mounted on the 
valve shaft and consists of a rotary-motion, 
varlable resistor and open and close position 
switches, 
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Figure 1-14, Oxidizer Inlet Duct 
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Figure 1-18. Mixture Ratio Control Valve 
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1-43. The mixture ratio contrei valve nas two 
distinct stops, to allow engine operation at 
either 5.5 or 4,8 engine miature ratiy for SIE 
stage engines and SIVB 200-series stage engines 
or at 5.0 or 4.5 engine mixture ratio for SIVB 
500-series stage engines, Pneumatic pressure 
is supplied to the valve from the engine pneu- 
matic system when the engine helium control 
valve is energized. Ata preselected time 
during engine operation, a control signal, 
supplied by ‘he stage, energizes the solenoid 
control valve. Energizing tha solenoid control 
valve alluws pneumatic pressure to enter the 
valve ead apply force to thr: actuator piston, 

to overcome the spring tension and move the 
pistun in the direction to rotate the gate to the 
lov, enzine mixture ratio position (valve open), 
Cpening the valve results in a reduced oxidizer 
flow to the thrust chamber. If either the pneu- 
raatic pressure or the electrical command is 
lost, the valve wili move to the high engine 
mixture ratio position (valve close). The posi- 
tion indicator arm rotates with the gate shaft, 
to remotely indicate valve position. 


1-44. GAS GENERATING SYSTEM 
DESCRIPTION, 


1-45, The gas generating system provides the 
power required to operate the oxidizer and fue] 
turbopumps during engine operation. The sys- 
tem consists of the gas generator that supplies 
the hot-gases to drive the turbopumps; the tur- 
bine exhaust ducis that transfer the exhaust 
gases from the ‘uel turbine to the oxidizer 
turbine and to the thrust chamber exhaust 
manifold; the heat exchanger that transforms 
liquid oxygen {0 gaseous oxygen or conditions 
stage-supplied helium as an oxidizer tank 
pressurant; and the oxidizer turbine bypass 
valve that aJlows a portion of the turbine exhaust 
gases to hypass the oxidizer turbopump turbine, 
The internal power is generated by tapping pro- 
pellants from the high-pressure ducts and 
directing them to the gas generator combustor 
where hot gas is produced to power the turbo- 
pumps. 
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1-46, GAS GENERATOR ASSEMBLY. 


1-47, The gas generator assembly (figure 1-19) 
consists of a control valve and a combustor 
assembly, The control valve starts or stops 

the flow of propellants to the oxidizer and fuel 
insectors, The combustor is welded to the fuel 
turbopump, andanimpingement-~type fuel injector 
and a poppet-type oxidizer injector are aaeembled 
into the combustor. 
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Figure 1-19. Gas Generator Assembly 
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1-48. GAS GENERATOR CONTROL VALVE. 
The gas generator control valve (figure 1-20) 
controls the flow of propellants to the gas gener- 
ator oxidizer and fuel injectors. The valve is 

a pneumatically-operated, bellows and spring- 
loaded~close, dual poppet valve. The valve 
consists of a fuel body and beliows subassembly, 
an oxidizer body and bellows subassembly, and 
a cover that encloses the upper section of both, 
The fuel body contains a pneumatic actuatar 
assembly which operates the fuel poppet and 
incorporates a yoke that mechanically actuates 
the oxidizer poppet following the initial opening 
movement of the fuel poppet. The fuel and oxi- 
dizer poppets have Tefloninserts that are loaded 
against metal seats by their respective springs 
and bellows. The pneumatic inlet opening port 
is incorporated in a retainer that ts welded to 
the bellows of the actuator. The cover containg 
a flange for installing a cover that provides 
access to adjust the fuel lead adjustment bolt 
and valve position indicator. The control valve 
position indicator consists of two switches that 
indicate the full open and close positions of the 
valve, and a linear-motion potentiometer that 
indicates valve motion, The valve actuator 
spring cavity is ported through a pressure 
equalization line to the actuator helium inlet 
(open) port by the main oxidizer valve sequence 
valve, to prevent cryopumping when propellants 
are introduced into the gas gererator control 
valve. The effect of cryopumping is to unbalance 
the pregsure across the actuator piston which 
results in premature unseating of the fuel 
poppet. 


1-49. During engine start, helium pressure is 
directed through the pneumatic inlet port to the 
actuator piston head. Helium pressure is con- 
fined in a chamber formed by theinner walls of 
the retainer and bellows and the outer surface 
af the piston, The helium pressure moves 

the actuator piston and opens the fuel poppet. 
During the fuel poppet opening, the fuel lead 
adjustment bolt on the yoke contacts the oxi- 
dizer bellows assembly and opens the oxidizer 
poppet. During engine cutoff, as the pneumatic 
opening pressure decays, the fuel poppet is 
closed by bellows spring force and propel} ant 
pressure acting on the fuel bellows. The oxi- 
dizer poppet is closed by the same forces 
acting on the oxidizer bellows assembly. 
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1-50. GAS GENERATOR COMBUSTOR, The 
combustor assembly (figure 1-21} consists of 

a manifold, a choke ring, a fuel injector, an 
oxidizer injector, and a combustion chamber 
that is slightly elongated, with an eight-inch 
inlet and three-inch outlet. The manifold has 

a fuel inlet port, an oxidizer inlet port, anda 
fue] cavity with two slotted outlet ports. The 
choke ring is welded to the manifold. The fuel 
injector is threaded and brazed to the manifold 
and consists of a copper ring with three rows 

of orifices. The two inner rows have 74 orifices 
each, and the outer row has 96 orifices. The 
two inner rows impinge the fuel on the oxidizer, 
and the outer rows cool the chanber wall, The 
oxidizer injector consists of a spring-loaded- 
closed poppet valve and an injector with 24 
orifices. The poppet opens at approximately 
one psi, and oxidizer exits through the orifices 
and strikes the poppet at a 30-degree angle, is 
deflected outward, and impinges on the fue) 
stream, The combustor contains a chamber 
where the propellants are mtxed and burned, 
and directs the combusticn gases to the fuel 
turbopump turbine. Combus‘ion occurs imme- 
diately below the injector faces, and the choke 
ring confines the high-combustion temperature 
to this area and directs the hot gas away from 
the combustor wall and toward the combustor: 
exit. 
1-51, OXIDIZER TURBINE BYPASS VALVE. 
1-52. The oxidizer iurbine bypass valve (figure 
1-22) prevents the oxidizer turbopump from 
overepeeding durtng engine start and functions 
as a calibration device during mainstage to 
establish rpm ratios for the fuel and oxidizer 
turbopumps. The valve is a pneumatically- 
actuated, spring-loaded-open valve with a 
butterfly-type gate and consists of the gate, 

the actuator, and the position indicator. The 
gate has a calibrated nozzle (orifice) and is 
connected to a split shaft that is supported by 
needle Learings in the valve housing. The 
actuator piston is loaded to the valve open posi- 
tion by a spring that is retained by the housing 
cap, A lnk connects the actuator piston rod to 
a lever that connects to the gate shaft. The 
valve position indicator consists of a rotary- 
motion variable resistor and open and close 
switches, The position indicator is connected 
to the gate shaft and provides signals for valve 
open and close position and valve motion. 
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Figure 1-20. Gas Generator Control Valve 
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Figure 1-21. Gas Generator Injector 


1-53. When the fuel turbopump turbine starts 
to spin, the exhaust gas in the turbine exhaust 
duct passes through a duct to the oxidizer turbo- 
pump turbine. Some of the gas volume is by- 
passed through the open oxidizer t. -bine bypass 
valve and vented through the thru: . chamber, 
During engine transition into mainstage, helium 
pressure is directed to the closing control port 
of the oxidizer turbine bypass valve, closing 
the valve and directing the turbine exhaust 
gases through the oxidizer turbopump turbine, 
except for a volume of gas which passes through 
the valve gate nozzle. During engine shutdown, 
closing pressure to the oxidizer turbine bypass 
valve is vented and spring pressure starts to 
open the valve. The normally open port of the 
mainstage control valve supplies pressure to 
the valve opening control port to help the spring 
open the valve. 


1-54. HEAT EXCHANGER, 
1-55. The heat exchanger (figure 1-23) heats 


and expands stage-supplied helium gas (SIVB 
stage) or converts liquid oxygen, that is tapped 


off the oxidizer high-pressure duct, to gaseous 
oxygen (SII stage) for maintaining stage oxidizer 
tank pressurization. The heat exchanger is 14 
inches in diameter, 16.5 inches long, and con- 
nects at the oxidizer turbine outlet and the 
thrust chamber exhaust manifold. The coil 
pack consists of four separate ~oils manifolded 
to a common inlet and a common outlet. Three 
supports for the coils maintain loop separation 
and alinement. The inlet fitting provides for 
the installation of an orifice piate or a blank 
plate over each tube. The heat exchanger shell 
contains a bellows section that compensates for 
thermal expansion during engine operations, 
During engine operation, hot gases from the 
oxidizer turbine are directed through wie heat 
exchanger where a pcrtion of the heat is trans- 
ferred to the coils. In the resulting heat trans- 
fer, liquid oxygen in the coils is converted to 
gaseous oxygen, or helium in the colls is ex- 
panded for stage oxidizer tank pressurization. 


Change No. 10 - 22 February 1971 1-27 


Section I R-3825-1 


OPENING 
PORT 


RETAINER 
K 


HOUSING 


ACTUATOR 
HOUSING 


GATE HOUSING ~ 


Whlfeas 
yerpeeee res YJ 
ey) 
i 


Veertened 


VARIABLE 
RESISTOR -— 


GATE 
\_RUBBER ASBESTOS 


SPACER | 
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1-56. ANTIFLOOD CHECK VALVE. 


1-57, The antiflood check valve (figure 1-24) 
is rnounted on the heat exchanger oxidizer inlet 
line and prevents filling of the heat exchanger 
before engine start. The valve is within a basic 


envelope of 7.5 inches by 7.5 inches by 14 inches. 


When helium is used as the stage oxidizer tank 
pressurant, the antiflood check valve and heat 
exchanger oxidizer supply line are removed 
from tie engine. The antiflood check valve is 

a piston-type check valve incorporating a bypass. 
The bypass senses differential pressure between 
the heat exchanger inlet and outlet ports, and 
effectively functions as a regulator for the liquid 
oxygen entering the heat exchanger. The valve 
consists of a body, a piston, a poppet, a spring, 
a plug, anda cap. The piston has a hole through 
the center, with the poppet in one end of the 

hole and the plug in the other end, The piston 
and poppet are spring-loaded to the close posi- 
tion, The cap retains the spring and incorpo- 
rates the gaseous oxygen pressure sensing port 


(bypass). During engine operation, liquid oxygen 


under pump pressure unseats the piston and 
flows through the valve and into the heat ex- 
changer coils, Gaseous oxygen pressure at 

the heat exchanger outlet is sensed at the valve 
bypass port, where it applies pressure to the 
epring side of the piston. The spring maintains 
a differential pressure of approximately 25 psi 
between heat exchanger inlet and outlet pres- 
sures, with the outlet (gaseous oxygen) pressure 
being the lower, If the differential pressure 
increases, the valve moves further open to 
admit more Hquid oxygen into the heat ex- 
changer, If the differential pressure decreases, 
the valve moves toward the closed position to 
decrease the amount of liquid oxygen entering 
the heat exchanger, 


1-58, EXHAUST DUCTING. 


1-59. The exhaust ducting routes gas generator 
exhaust gases to the thrust chamber exhaust 
manifold. The exhaust ducting consists of the 
fuel turbine exhaust duct (crossover duct), oxi- 
dizer turbine bypass duct, and the exhaust 
manifold, The fuel turbine exhaust duct and 
the bypass duct have bellows sections to com- 
pensate for thermal expansion during engine 
operation. The exhaust manifold is a tapered 
manifold that encircies the thrust chamber bell. 
The manifold has two inlets; the larger inlet is 
the main exhaust inlet from the heat exchanger 
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and the other inlet is for the oxidizer turbine 
bypass gas. The manifold outlet is through 
openings between the long (up) tubes (cat-eyes) 
along the inside diameter of {he thrust chamber. 
The fuel turbine exhaust duct routes the hot gas 
from the fuel turbine to the oxidizer turbine 
inlet. From there the hot gas is routed through 
the heat exchanger and into the exhaust manifold, 
which dumps the gas into the thrust chamber 
bell. Hot gas also leaves the fuel turbine 
through the oxidizer turbine bypass duct, which 
directs a portion of the gas to bypass the oxidizer 
turbopump turbine, and flows directly into the 
exhaust manifold, 
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Figure 1-24. Antiflood Check Valve 
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1-30. STAR SYSTEM DESCRIPTION, 


1-61. The start system stores gaseous hydro- 
gen under vessure and releases and directs 
this pressure to initially spin the turbopymps 

at engine start, The system comprises a hyd-:o- 
gen start tank that contains gas for starting the 
engine; a start tank discharge valve that con- 
tains the gas in the start tank until engine start; 
a start tank support-and-fill valve that permits 
the flow of supply gases to the start tank; a 
veut-and-rellef valve that relieves excessive 
pressure or yents the stact tank; and an emer- 
gency vent valve that provides redundant venting 
of start tank pressure in an emergency during 
ground operations, 


1-62, START TANK. 


1-63. The start tank (figure 1-25) consists of 

a 4,2-cubie-foot capacity, 25. 5-inch diameter 
sphere for sloriug hydrogen. A 1,090-cubic- 
inch capacity sphere for storing helium is 
located within the tank, The start tank is 
insulated to prevent excessive internal pressure 
buildup caused by external temperatures. The 
start tank is initlally filled from a ground source, 
On rectart mission engines, the tank ts refilled, 
during engine operation, wilh gascous hydrogen 
bled from the thrust chamber fuel injection 
manitold and with Nquid hycrogen bled from 

the augmented spark igniter fuel line, 


1-64, START TANK SUPPORT-AND- FILL 
VALVE. 


1-65. The start tank support-and-fill valve 
(figure 1-26) consists of two poppet-type check 
valves, two filters, an accessory flange, and 

a dual-purpose port in the housing. One check 
valve allows hydrogen flow into the tank from 

a ground source, and the other check valve 
vermits flow into the ta.k from a tapoff on the 
thrust chamber fuel injection manifold, The 
filters malntain cleanness of the hydrogen fiow- 
sng into the tank from the fill sources. The 
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Start tank emergency vent valve is mounted on 
the valve accest ory flange. The dval-purpose 
port is used as an instrumentation port to moni- 
tor tank presiure and to receive hydrogen from 
the augmented spark igniter fuel iine for tank 
topping, During operation, gasecus hydrogen 
pressure wnseats the check valve poppet to allow 
the tank to pressurize, Alter the tank is pres - 
surized, spring pressure reseats the poppet and 
prevents loss of gaseous hydrogen when the 
engine is not operating, 


1-66, START TANK LIQUID REFILL CHECK 
VALVE. 


1-67, The stuart tank liq. ‘ refill check valve 
(figure 1-27) prevents the flow of pressurant 
into the engine system during ground fill and 
when the start tank is pressurized, The check 
valve is a poppet-type valve, spring-loaded to 
the closed position, Liquid hydrogen enters 

the check valve through a screen, unseats the 
poppet, and flows through an orifice to the valve 
outlet, This check valve is installed only on 
restart mission engines. 


1-68, START TANK EMERGENCY VENT 
VALVE. 


1-69. The start tank emergency vent valve 
(figuee 1-28) provides a redundant means of 
venting pressurized gas from the start tank, 

The valve is actuated, in an emergency, from 

a ground source. The emergency vent valve is 
a solenold-operated, two-way, spring-loaded 

to the closed position, poppet-type valve 
mounted on the start tank support-and-fill valve. 
The valve spring holds the poppet on the seat, 
against start tank pressuze, when the solenoid 
is deenergized, When the sslenoid is energized, 
the armature roves to ove: come the spring 
pressure, allowing the flexure to unseat the 
poppet and vent start tank. pressure through the 
valve outlet. The outlet is connected to a line 
that is teed tu the fuel turbopump primary seal 
drain line, 
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Figure 1-26, Start Tank Support-and-Fill Valve 
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Figure 1-28, Start Tank Emergency Vent Valve 
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1-70, START TANK DISCHARGE VALVE. 


1-71, The start tank discharge valve (figure 
1-29) starts or stops the flow of gas from the 
start tank to the turbines. The valve is a pneu- 
matically actuated, spring-loaded to the closed 
position, poppet-type valve, mounted on one of 
the start tank Manges, The start tank discharge 
valve outlet incorporates a spring-loaded closed, 
swing gate check valve to prevent hot gas, from 
the gas peverator, from entering the valve 
during engine operation, A valve position indl- 
cator, consisting of two switches and a linear- 
motion potentiomeler, .emotely indicates valve 
position. During engine start, when the start 
tank discharge valve contro! valve is energized, 
pneumatic pressure is directed to the opening 
port of the start tank discharge valve, and the 
closi .g port is vented, Pressure builds up on 
the opening control side of the piston and move 3 
the piston and shaft, unseating the bellows seal 
and actuating the position switch. Gas from 

the start tank passes under the bellows seal 
and opens the check valve swing gate against 
spring tension, During engine transition into 
mainstage, the control valve is deenergized, 
venting the start tank discharge valve opening 
port and directlng pneumatic pressure to the 
valve closing port. Pneumatic pressure, 

alded by spring tension, closes the valve. The 
swing gate check valve is then closed by spring 
tension, 


1-72, START TANK VENT-AND-RELIEF 
VALVE. 


1-73. The start tank vent-and-relief valve 
(figure 1-30) prevents overpressurization of 

the start tank and is used as a control for tank 
venting. The valve is a spring-loaded closed, 
pneumatically actuated open, poppet-type, dua) - 
purpose valve, The vent portion of the valve 
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is stage controlled and starts or stops the flow 
of gas out of the start tank. The relief portion 
of the valve prevents axcessive pressure bu!idup 
‘n the start tank. To vent the valve, pneumatic 
pressure is appHed to the control port froin a 
stage source, Control pressure moves the 
actuator diaphragm and push rod, which unseats 
the poppet. Gas from the start tank passes 
through the filter and into the spring cavity of 
the bolt, around the unseated poppet, past the 
push rod into the vent-and-relief manifold, and 
overboard through the outlet port. When control 
pressure is removed, the override spring 
repositions the push rod, to permit the poppet 
to reseat and stop the venting operation, The 
relief portion of the valve automatically operates, 
when excessive inlet pressure acts against the 
relief dcaphragm to compressz the relief springs 
and move the bolt down, which unseats the poppet 
and relieves excessive pressure through the 
same path it took during venting operation. 


1-74, IGNITION SYSTEM DESCiIPTION. 


1-75. The ignition system initiates combustion 
in the thrust chamber and gas generator by pro- 
viding the necessary temperature and pressure 
to ignite the propellants, The system consists 
of the augmented spark igniter that receives the 
initial flow of oxidizer and fuel for ignition In 
the thrust chamber; the augmented spark igniter 
valve that permits or stops the flow of oxidizer 
to the augmented spark igniter; the spark igniter 
and cable assembly that transmits the electrical 
energy from the spark exciters located in the 
electrical control assembly to the spark igniters; 
and the ignition detector probe that senses com- 
bustlon temperature in the augmented spark 
igniter chamber. 
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Figure 1-30, Start Tank Vent-and-Relief Valve 
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1-76. AUGMENTED SPARK IGNITER. mounted in the side of the igniter chamber. 

When engine start is initiated, the spark exciters 
1-77. The augmented spark igniter (figure energize the spark plugs in the augmented spark 
1-31) ls a chamber mounted in the center of igniter. Siraultaneously, the control system 
the thrust chamber injector. The igniter has starts the flow of oxidizer and fuel to the spark 
passages for fuel and oxidizer andhas provisions igniter; as the oxidizer and fuel enter the 
for mounting two spark igniters (spark plugs) chamber, they are mixed and ignited, To 
and the ignition detector probe, The augmented provide for a shorter ignition delay, an oxi- 


spark igniter receives the initial flow of oxidizer dizer lead is used, 
and fuel, that is ignited by the two spark plugs 
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Figure 1-31. Augmented Spark Igniter 
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1-78. AUGMENTED SPARK IGNITER VALVE. bellows assembly. Oxidizer at the stage tank 
pressure is present at the valve poppet before 


1-79. The auginented spark igniter valve engine start. During engine start, pneumatic 
(figure 1-32) starts or stops the flow of oxidizer pressure is routed to the valve opening port. 

to the augmented spark igniter, The valve isa Pneumatic pressure compresses the bellows 
normally closed, pneumatically operated, poppet and opens the poppet, allowing oxidizer to flow 
valve mounted on the main oxidizer valve. The through the yalve to the augmented spark igniter. 
valve consists of a bellows actuator; a bellows The position switch electrical contacts provide 
cover that has the pneumatic opening port; and a valve open signal, During engine shutdown, 

a housing that contains the oxidizer passage, opening pressure to the valve is vented and 

the pneumatic closing port, and the position pneumi.tic pressure is routed to the valve closing 
switch electrical connector, The bellows port. Pneumatic pressure, assisted by bellows 
assembly isolates the pneumatic pressure from spring force, closes the valve. 


the oxidizer and is welded into the housing. The 
oxidizer inlet poppet is attached to the lsolatlon 
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Figure 1-32, Augmented Spark Igniter Valve 
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1-80. SPARK IGNITER CABLE ASSEMBLY. 


1-81. The spark igniter cable assembly 

(figure 1-33) transmits the electrical energy 
from the spark exciters, located in the elec- 
trical control assembly, to the igniters in the 
augmented spark igniter and the gas generator. 
To provide maximum reliability, a redundant 
system, consisting of four separate assemblies, 
is used. Two assemblies are connected to the 
gas generator and two to the augmented spark 
igniter, Each assembly consists of a cable, 
igniter (spark plug), and the bell housing. ‘Che 
cable consists of a wire, insulation, seamless 
bellows, braided steel conduit, and a protective 
cover. The igniter consists of an electrode 
enclosed in a ceramic and steel housing. The 
spark occurs between the electrode and a Ip on 
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the housing. The bell housing contains the 
electrical connector assembly and a tube used 
for pressurizing the cable. The electrical con- 
nector assembly is insulated, to prevent shorting 
between the spark exciter and the bell housing. 
The cables are pressurized with gaseous nit.ro- 
gen, to prevent breathing of moisture and (o 
inhibit the possibility of internal glow discharge 
(corona) during operation at high altitudes (near 
vacuum conditions). During engine rrart, the 
spark exciters transform 28 vde (numinal) into 
27,000 13,009 volts that discharge across the 
igniter gap at a minimum rate of 40 sparks per 
second. The spark lgnites the propellants to 
initiate combustion in the gas generator and 

the thrust chamber. 
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Figure 1-33, Spark Igniter Cable Assembly 
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1-82. IGNITION DETECTOR PROBE, 

1-83. The ignition detector probe (figure 1-34) 
detects ignition in the augmented spark igniter 
chamber and sends a positive override signal 

to the electrical system. The probe is a fusible, 
wire-link detector that 1s inserted into the aug- 
mented spark igniter combustion zone. When 
the wire link is burned off by the ignition flarae, 
the resultant resistance change unbalances a 
bridge-type circuit in the electrical system, ta 
produce an ignition-complete signal. Engine 
cutoff will occur if an ignitlon-complete signal 
is not received before expiration of the ignition. 
phase timer, The ignition detector probe is 
used for static test only, For launch, a dummy 
probe, connected to the icnition detector probe 
electrical connector, produces an ignition- 
complete signal at all times, 
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Figure 1-34, Ignition Detector Probe 
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1-84, CONTROL SYSTEM DESCRIPTION. 

1-85, ine control system provides the elec- 
trical control and the energy for valve movement 
and functions as an integral electro-pneumatic 
control system to establish valve actuation re- 
lationships. The pneumatic portion of the system 
consists of a helium tank that stores the helium 
supply; a helium regulator assembly (pneumatic 
control package) that controls the helium; a fast 
shutdown valve that speeds up the venting of the 
gas generator control valve; an accumulator that 
provides an emergency source of helium during 
engine operation; two sequence valves, used for 
valve actuation sequencing; orifices and check 
valves, used for individual valve timing and for 
directing gas flow; and the necessary plumbing 
to join the components into a working system. 
The electrical portion of the system comprises 
the electrical] control assembly that performs 
the necessary sequencing and timing functions 
required to operate the engine; the armored 
harness that electrically connects the electrical 
contro] assembly to the stage and the engine 
components; and the mainstage OK pressure 
switches that monitor oxidizer pressure down- 
stream of the main oxidizer valve. 

1-86, HELIUM TANK, 

1-87, The helium tank (figure 1-25) ia located 
inside the start tank and consists of a 1,000- 
cubic«inch sphere for storing helium, It has 
sufficlent supply to support two engine runs. 
The tank 19 initially filled from a ground source, 
On engine restart missions, the helium tank can 
be refilled in flight from a helium supply source 
in the SIVB stage. 


1-88, HELIUM COVER AND FILL-CHECK 
VALVE. 


1-89. The hellum cover and fill-check valve 
(figure 1-35) are mounted on the start tank. 

The valve is a poppet-type check valve, spring- 
loaded to the closed position. The cover seals 
the tank and provides porting for the helium 

inlet and outlet, a mount for the fill-check valve 
and the start tank temperature transducer, and 
a connect point for securing the start tank to the 
thrust chamber. The fill-check valve poppet 
opens under helium fill pressure and allows 

flow of helium gas from the customer connect 
line into the helium tank. When hellum pressure 
in the helium fill customer connect line is vented, 
the spring moves the poppet to the closed posi- 
tion and prevents reverse flow of hellum from 
the tank. 
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Figure 1-35, 


1-90, HELIUM REGULATOR ASSEMBLY 
(PNEUMATIC CONTROL PACKAGE), 


1-91. The helium regulator assembly (figure 
1-36) regulates and directs the flow of helium 
to all pneumatically operated valves. The 
assembly conaists of the helium regulator that 
has three regulator assemblies and a low- 
pressure relief valve, a high-pressure relief 
valve, four control valves, an accumulator 
check valve, and a series of filters. 


1-92. HELIUM REGULATOR. The helium 
regulator (figures 1-37 and 1-38) reduces the 
helium pressure from the helium tank to the 
required pressure for engine operation. The 
regulator consists of a blead regulator, a main 
regulator, a control regulator, and a low- 
pressure relief valve. Helium pressure enters 
the regulator through a filter and ts directed tu 
the bleed regulator inlet. Helium passes the 


Helium Cover and Helium Fill-Check Valve 


the ball seat and flows into a chamber that is 
sealed off by a dlaphragm. This chamber has 
an exit to the helium control valve and the helium 
tank emergency vent control valve. The helium 
pressure bullds up in the diaphragm chamber, 
overcomes spring loading pressure, moves the 
diaphragm and nozzle rod to close the ball seat 
that stops the incoming flow of helium. As 
helium exits the diaphragm chamber, pressure 
decays and allows spring tension to unseat the 
ball, permitting more helium to enter the regu- 
lator. The shuttling of the bleed regulator will 
continue at a rate that depends on the helium 
flow out of the exit port. If the flow is constant, 
the ball-seat will assume a flow-restricting 
position that will maintain a pressure of approxi- 
mately 450 psi in the diaphragm chamber. If 
pressure exceeds 500 psi in the diaphragm 
chamber, the nozzle is unseated and pressure 
is vented through the nozzle into the spring 
cavity and out a vent port check valve. 
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1-93, Actuation of the helium control valve 
routes helium to the dome side of the main regu- 
lator diaphragm and to the control reyulator, 
The pressure on the dome side of the main regu- 
lator diaphragm overcomes spring tension to 
unseat the ball; this allews gas to be routed to 
the spring side of the diaphragm and through 

the accumulator check valve to the engine com- 
ponents, Pressure on the spring side of the 
diaphragm, aided by spring tension, overcomes 
the pressure on the dome side of the diaphragm 
and retracts the diaphragm to allow the ball to 
reseat, If pressure on the spring side of the 
diaphragm drops below 400 psi, the pressure 

on the dome side unseats the ball and the 400 

psi is restored. This action ls repeated to 
maintain a constant regulator outlet pressure, 
The control regulator maintains a reference 
pressure of approximately 41C psi on the dome 
aide of the main regulator diaphragm and, by 
adjustments to this reference pressure, controls 
the outlet pressure of the main regulator at 
approximately 400 psi. This is done by directing 
helium outlet pressure from the main regulator 
to the diaphragm cavity of the contro} regulator, 
where itis balanced against springtension, When 
the main regulator outlet pressure exceeds 400 
psi, the spring in the control regulator is further 
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compressed, allowing main regulator dome 
reference gas pressure to unseat the control 
regulator ball and poppet anc allowing the refer- 
ence gas to bleed into the control pressure side 
of the control regulator. A drop in dome refer~ 
ence pressure results in a lower main regulator 
outlet pressure that allows the spring in the 
control regulator to reseat the ball and poppet. 
This action is repeated to control the main 
regulator output. 


1-94. The low-pressure relief valve is a pilot- 
operated relief valve, Helium pressure entering 
the valve exerts force against both the bottom 
and top of the piston, This pressure and spring 
pressure keep the piston seated and the vent port 
closed, If there {1s a pressure surge or a regu- 
lator malfunction, the excessive pressure over- 
comes the spring tension and piston pressure 
loading to force the pilot poppet upward. This 
action vents the pressure acting against the top 
of the piston, and pressure against the bottom 

of the piston drives the piston upward, opening 
the vent port. When the excess pressure is 
relieved, spring pressure returns the pilot 
poppet and piston to their original positions. 
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1-95, HIGH-PRESSURE RELIXF VALVE. The approximately 3,500 psi. The spring holds the 
high-pressure relief valve (figure 1-39) prevents retainer against the ball, and the bail seais the 
overpressurization of the helium supply system. inlet in the seat. Excessive helium pressure 


The valve is a spring-loaded, ball-type, relief compresses the spring, unseats the ball, flows 
valve that starts to open at a preesure of around the bull, and is routed overboard through 
approximately 3,800 psi, is fully opened at the valve outlet. The valve he3 a protective 
approximately 4,000 psi, and reszats at hood to prevent the entrance of moisture. 
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Figure 1-39. High-Pressure Relief Valve 
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1-96. FOUR-WAY PNEUMATIC (START TANK 
DISCHARGE VALVE, IGNI" ON-PHASE, AND 
MAINSTAGE) CONTROL VALVES, The main- 
stage, iguition-phase, and start 'ank discharge 
valve control valves (figure 1-40) are four-way, 
electrically operated, direct-~acting solenoid 
valves in which opening and closing functions 
are arranged so that one is venting while the 
other is pressurizing. The start tank discharge 
valve control valve directs pressure to the 
closing or opening control ports of the start 
tank discharge valve, The ignition-phase con- 
trol valve, when energized, supplies opening 
pressure to the main fuel valve and augmented 
spark igniter valve, and gas generator control 
valve opening pressure and oxidizer turbine 


re a 


R~3825-1 


bypass vaive closing pressure to the main oxi- 
dizer valve sequence valve. The mainstage 
control valve, when energized, supplies opening 
pressure to the main oxidizer valve and shuts 
off thrust chamber oxidizer injector and gas 
generator oxidizer purges. When the solenoid 
is energized, the piston moves the poppet, and 
the :ormally closed port is opened, allowing 
helium to flcw through the control valve. At the 
same time, pressure supply to the normally 
open port is blocked off and this port is vented. 
When the solenoid is deenergized, the piston 
reseats, the trapped pressure is vented, and 
heiium fiows through the normally open port. 
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Figure 1-40. Four-Way Pneumatic (Start Tank Discharge Valva, 
Ignition- Phase, and Mainstage) Control Valves 
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1-97, THREE-WAY PNEUMATIC (HELIUM, 
HELIUM TANK EMERGENCY VENT, AND 
MIXTURE RATIO VALVE) CONTROL VALVES, 
The lwlium control, helium tank emergency 
vent control valves (figure 1-41), and the mix- 
ture ratio valve control valve are three-way, 
electrically operated, direct-acting, normally 
closed solenoid valves. The helium control 
valve directs helium pressure to the main regu- 
lator and the control regulator. The helium 
tank emergency vent control valve provides an 
alternate means of venting the helium tank. The 
mixture ratio control valve solenoid valve is 
functionally identical to the helium control and 
helium tank emergency vent solenoid valves, 
This valve, when energized by a stage signal, 
routes helium pressure to the mixture ratio 
control valve to move the valve to the low engine 
mixture ratio position. When the solenoid is 
deenergized, the outlet port is connected to the 
vent port, When the solenoid is energized, the 
armature shuttles the poppets to the open posi- 
tion, allowing flow from the inlet port to the 
outlet port and closing the flow path to the vent 
port, 
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Figure 1-41. Three-Way Pneumatic (Heltum, 
and Heliuni Tank Emergency Vent) 
Control Valves 
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1-98, PNEUMATIC ACCUMULATOR, 


1-99. The pneumatic accumulator provides the 
necassary gas volume for the safe operation and 
shutdown of the engine in the event of a loss oi 
high-pressure helium supply. The pneumatic 
accumulator i8 an integral part of the primary 
instrumentation package that is enclosed within 
an outer shell and cover. The volume between 
the primary instrumentation package and the 
outer shell and cover serves as the pneumatic 
accumulator. 


1-100. FAST-SHUTDOWN VALVE. 


1-101. The fast-shutdown valve (figure 1-42) 
vents the gas generator control valve opening 
control pressure at engine shutdown. The valve 
is a two-position, normally closed, poppet valve 
that is actuated to the open position by helium 
pressure. At engine start and run, helium 
pressure is supplied to the inlet port where it 

is routed to the top of the upper control dia- 
phragm. This pressure, with spring tens:on, 
maintains the valve in the close position, At 
engine cutoff, helium pressure is routed to the 
valve control port, enters the control port, and 
acts upon the diaphragm to overcome the force 
of the pision spring and any remaining pressure 
at the top of the diaphragm, moving the piston 
to the open position. 

1-102. RESTRICTOR CHECK VALVES. 
1-103. The restrictor check valves (figure 
1-43) are orificed, poppet-type, and spring- 
loaded to the closed position. The oxidizer 
turbine bypass valve opening time is controlled 
by a check valve at the main oxidizer valve 
sequence valve outlet port. The start tank dis- 
charge valve closing time is controlled by a 
check valve at the valve opening control port. 
Application of helium pressure overcomes the 
spring tension and unseats the poppet, allowing 
helium to flow to the extent determined by the 
orifice plug or valve poppet orifice, When 
pressure is decreased, the apring tension 
overcomes the decaying pressure and reseats 
the poppet. When the valve is closed, reverse 
flow is restricted through the orifice, 
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Figure 1-42, Fast-Shutdown Valve 
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Figure 1-43, Restrictor Check Valves 


1-104. 


ELECTRICAL CONTROL ASSEMBLY. 


1-105. The electrical control assembly (figures 
1-44 and 1-45) is a sealed, dorne~shaped, pres- 
surized control assembly concaining spark 
exciters and sequence controller circuitry. 

The unit is self-contained and requires only 

dc power and external engine start, mainstage 
enable, and cutoff signals to operate, Additlonal 
ciguals are provided to the stage to allow moni- 
toring of the engine condition at significant 
points of engine operation, The system also 
has the capability to actuate individual compo- 
nents through checkout equipment. The control 
system will automatically reset itself after 
engine operation, to provide multiple engine 
restart capability, by using the engine-ready 
signal as a cutoff-reset function. However, 
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there may be conditions where engine-ready is 
not obtained after a firing, anda restart attempt 
is desired. To provide for this possibility, an 
engine-ready bypass provision is incorporated 
to allow cutoff-reset from the stage. 


1-106, The six major printed-circuit boards 
that have the necessary solid-state switching 
elements are: (i) the engine monitor board, 
which monitors engine and ECA conditions be- 
fore commit start; (2) the engine start board, 
which receives stage commit start signal, locks 
in and provides for helium contro] valve ener- 
gization, and has redundant helium deenergize 
timers for cutoff; (3) the spark control board, 
which receives a signal from the engine start 
board and activates the four spark exciters: 

(4) the valve control board, which provides 
power for energizing the ignitlon-phase, main- 
stage, and STDV control valves; 


1-48A/1-48B 
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(5) the programmer board, which has redundant 
timers and a multiplex module to conirol ener- 
gization and deenergization of the STDV control 
valve, energization of the mainstage control 
valve, and deactivation of the spark exciters; 
and (6) the cutoff control board, which receives 
a stage or engine-generated cutoff signa] and 
deenergizes ignition and mainstage solenoids 
and activates the helium deenergize timer. The 
multiplex module on the programmer board, 
superimposes each redundant timer function on 
three of the four spark monitor output traces, 
The STDV delay, ignition phase, and sparks 
deenergize timers have a two out of three voting 
logic redundancy, The helium deenergize 
timers have parallel redundancy. 


1-106A, During the pre-ignition phase of the 
engine start sequence, 28 vdc power is applied 
to the ECA sequence and ignition busses and an 
engine ready signal is sent from the FCA 
engine monitor board if: (1) the following 
conditions exist; K101 and K103 bus power on, 
electrical connectors installed, M/S OK pres- 
sure switches dropped cut, OTBV open; and 

(2) the following signals are absent; engine 
start, helium control on, ignition phase control 
on, STDV control on, mainstage control on, 
ASI spark system on, GG spark system on, and 
mainstage OK, A signal is also sent to the 
cutoff board to ensure cutoff reset. 


1-106B. After the stage commit start signal 

is initlated, the ECA sequencer engine start 
board accepts the start signal and then provides 
for 2. lock-in circuit. Four sequencing events 
occur at this time: (1) power is applied to the 
spark control board and spark excites are 
activated: (2) the helium control valve is 
energized; (3) power is applied to the valve 
control board to energize the ignition phase 
contro] valve; and (4) a signal is sent to the 
programmer board to activate the redundant, 
one second STDV delay timers. A stage 
supplied mainstage enable signal and the output 
signal from the STDV delay timers activate an 
“and” gate in the programmer board, which 
activates the redundant 0.45-second ignition 
phase control timers, At the same time, 
through an "and" gate in the valve control board 
the STDV contro] valve is energized. An output 
signal from the ignition phase timers is the 
conipletion of ignition phase and start of 
mainstage, 


Section I 


101-6C, Output from the programmer board 
ignition phase timers deenergizes the STDV 
control valve, activates the redundant 3. 3- 
second sparks deenergize timers, and energizes 
the mainstage control valve. The lock-in circuits 
for both ignition phase and mainstage are acti- 
vated, Engine thrust build-up actuates the M/S 
OK pressure switches, which send an override 
signal to the cutoff control board (only one of 
two is required), An output signal from the 
sparks deenergize timers sends a cutoff signal 
from the programmer board to the cuto’f control 
board, If an override signal from the M/S OK 
pressure switches is present, the cutoff "and" 
gate is not activated. The output signal from the 
sparks deenergize timer also negates the engine 
Stari logic, Because cf the lock-in circuits, the 
engine control valves are not affected. However, 
the spark control logic gates are negated causing 
power to be removed from the spark exciters. 
An engine steady burn Condition is now achieved, 


1-106D. The engine cutoff signal may be pro- 
grammed (from the stage or may be generated 
by both of the M/S OK pressure switches not 
picking up. In either case, the signal is 
directed to the cutoff control board where it is 
locked-in by "or" and "and" gates, The cutoff 
control board output signal is sent to the engine 
start and valve control boards. On the engine 
start board, the one-second helium deenergize 
timers are activated and engine start logic gates 
are negated. Power to the sparks and valve- 
solenold control circuits is lost, On the valve 
control board, ignition phase and mainstage 
"and" and "or" gates are negated breaking the 
holding circuit, and the control valves deener- 
gize. If activated at this time (as during engine 
start), the start tank discharge ''and"' and “'or" 
gates are negated and the STDV control valve 
deenergizes, An output from the helium deen- 
ergize timers negates engine start board "and" 
and “or" gates and the helium control valve is 
deenergized, 
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Figure 1-44, Electrical Control Assembly 


1-107, ARMORED HARNESS, is for thermal protection, and the wire braid 

is for protection «inst abrasion and radio- 
1-108, The armored harness electrically con- frequency intert: .nc2. Mylar tape is used to 
nects the electrical control assembly to the aid installation of the silicone rubber tube, A 
stage and to the electrically controlled engine compound of polyursthane is overmolded at the 
components, The harness is made up of Teflon- Y-joints and connectors to secure and cover the 
insulaced wires that are wrapped in a layer of wire braid pigtails. The overmolds are not 
Mylar tap:, sleeved in a silicone rubber tube, intended to be moisture-sealing devices. When 
and sheathed in two layers of nickel-plated the harness is installed on the engine, a thermo- 
copper wire braid. The silicone rubber tube protective boot is installed over each connector. 
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1-109, MAINSTAGE OK PRESSURE SWITCHES, 


1-110, The mainstage OK pressure switches 
rronitor oxidizer injection pressure to determine 
proper engine mainstage operation, Mainstage 
OK pressure switches have an inlet port, a 
checkout port, two diaphragms, toggle blades, 

a toggle spring, a housing, and an electrical 
switch and connector, Pressure entering 


either port acts upon a diaphragm, linked to the 
electrical switch through the ‘oggle spring and 
toggle blades. During engine start, the switches 
must pick up before deenergization of the spark 
ignition system or engine cutoff will be initiated, 
Pickup of either pressure switch will block 
initiation of engine cutoff. During engine opera- 
tion, engine cutoff will be initiated whenever 
dropout of the switches 1s caused by deterioration 
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of oxidizer injection pressure. Both switches 
must drop out for cutoff to be initiated, A line 
connected to the checkout port of each pressure 
switch is routed across the engine gimbal to the 
customer connect panel, The switches are 
function-tested by applying pressure to this line, 


1-111, PURGE SYSTEM DESCRIPTION, 


1-112. The engine is purged before engine 
start to remove moisture-laden air, clear 
combustion areas of any propellants, and main- 
tain an inert environment, During engine opera- 
tion, the turbopump seal areas are purged to 
keep any propellant leakage from reaching areas 
containing turbine gas products. After engine 
run, purging clears combustion products and 
prevents moisture accumulation. The purge 
system comprises a purge control valve that 
permits or stops the helium purge to the thrust 
chamber and gas generator oxidizer injectors; 
an oxidizer turbopump intermediate seal purge 
check valve and a fuel turbopump primary seal 
drain check valve that maintain correct pressure 
in the seal cavities; an oxidizer injector purge 
check valve that prevents oxidizer from reverse 
flowing into the helium system; and purge check 
valves (thrust chamber fuel jacket purge, gas 
generator fuel and oxidizer purge, fuel and 
oxidizer turbine seal purge, and fuel turbopump 
primary seal purge) that prevent reverse flow 
through the purge system during engine 
operation. 


1-113, PURGE CONTROL VALVE. 


1-114, The purge control valve (figure 1-46) 
Starts or stops helium flow used to purge the 
thrust chamber and gas generator oxidizer 
injectors, The valve is a two-position, normally 
closed, poppet valve that is actuated to the open 
position by hellum pressure, Helium pressure 
is supplied to the inJet port where it is routed 
to the top of the upper control diaphragm, This 
pressure, with spring tension, maintains the 
valve in the closed pcsition, During operation, 
helium pressure enters the control port and 
acts upon the diaphragm to overcome the force 
of the spring and inlet pressure at the top of the 
diaphragm, and moves the seal cage to the open 
position. 
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1-115, PURGE CHECK VALVES, 


1-116, The purge check valves (figure 1-47) 
are installed in the thrust chamber fuel jacket 
purge, gas generator fuel and oxidizer purge, 
fuel and oxidizer turbine seal purge, and fuel 
turbopump primary seal purge, to prevent 
reverse flow through the purge system during 
engine operation. The check valves are poppet- 
type valves, spring-loaded to the closed position. 
Helium pressure is applied from the stage pres- 
sure system or the engine helium systezn (gas 
generator oxidizer injector purge) to purge 
these areas, the pressure overcomes the spring 
tension, unseats the poppet, and allows the 
purge gas to flow. When purging is terminated, 
the pressure decays and the spring tension 
reseats the poppet to prevent backflaw. On 
engines incorporating MD383 or M[884 change, 
a redundant purge check valve is installed down- 
stream of the purge control valve, to prevent 
contaminating the pneumatic system with oxidizer 
if cither the oxidizer injector or the gas genera- 
tor oxidizer purge check valves leak. 


1-117, FUEL TURBOPUMP PRIMARY SEAL 
DRAIN CHECK VALVE, 


1-118, The fuel turbopump primary seal drain 
check valve (figure 1-47) is installed in the fuel 
turbopump primary seal drain customer connect 
line to maintain the proper pressure in the seal 
cavity. The check valve is a poppet-type valve, 
spring-loaded to the closed position. As pres- 
sure builds up in the fuel turbopump primary 
seal cavity, it overcomes the spring tension to 
open the poppet and allow excess pressure to 
vent overboard. When pressure in the seal 
cavity decays, spring tension reseats the valve 


poppet, 


1-119, OXIDIZER TURBOPUMP INTERME- 
DIATE SEAL PURGE CHECK VALVE. 


1-120. The oxidizer turbopump intermediate 
seal purge check valve (figure 1-47) is connected 
to the purge line downstream of an orifice to 
maintain proper purge pressure and prevent 
overpressurization of the intermediate seal, 

The check valve is a poppet-type valve, spring- 
loaded to the closed position. When the helium 
control valve is energized, helium regulator 
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Figure 1-46, Purge Control Valve 


outlet pressure is supplied to the check valve, 
The pressure overcomes the spring tension to 
open the poppet and allow excess pressure to 
vent overboard. When the helium control valve 
is deenergized, the pressure decays ard spring 
tension reseats the valve poppet. 


1-121, OXIDIZER INJECTOR PURGE 
CHECK VALVE, 


1-122, The oxidizer injector purge check valve 
(figure 1-48) prevents reverse flow of oxidizer 
into the purge system during engine operation, 


The valve is a spring-loaded, normally closed 
poppet check yalve, located on the main 
oxidizer valve, The oxidizer injector purge 
is controlled by the purge control valve. 
Helium flow continues to purge the thrust 
chamber oxidizer injector, until the mainstage 
control solenoid valve is energized, At engine 
cutoff, the purge flows until the helium control 
valve is deenergi:ed, one second after the 
cutoff signal. 


, 
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Figure 1-47. Purge Check Valves 
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Figure 1-48. Oxidizer Injector Purge Check Valve 


1-123, FLIGHT INSTRUMENTATION SYSTEM 
DESCRIPTION. 


1-124. The flight instrumentation system 
monitors engine performance dv.ing checkout, 
test, and flight operations, The system con- 
sisis of the orisuary flight instrumentation 
parkage, the auxiliary flight instrumentation 
package, pressure and temperature transducers, 
valve position indicators, oxidizer and fuel flow- 
meters, turbopump speed transducers, and 
associated electrical harnesses, 


1-125, FLIGHT INSTRUMENTATION 
PACKAGES. 


1-126. There are two flight instrumentation 
packages in the instrumentation system, the 
primary and the auxiliary. The primary flight 


instrumentation package (figure 1-49) includes 
parametere critical to all engine static firings 
and vehicle flights. A pneumatic Hne connects 
the pneumatic control package to the case of 

the primary instrumentation package, using 

the case as an accumulator for the pneumatic 
control system. The auxiliary flight instrumen- 
tation package (figure 1-50) contains noncritical 
and/or redundant measurements for obtaining 
additional parameters to help evaluate engine 
operation, Design of the auxtllary package 
allows for deletion or substitution of parameters 
as necessary, The packages are pressurized 

to prevent entry of moisture and contaminants. 
The pressure transducers on both packe7as 

have welded stub-out connections, 
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1-127. PRESSURE TRANSDUCERS. 


1-128, The pressure transducers (figure 1-51) 
in the flight instrumentation system are dc in- 
put, d¢ output, absolute pressure transducers 
consisting of a mechanical-force-sumiming 
element coupled to an electrical bridge, The 
output af the electrical bridge is directly pro- 
portional to the pressure applied to the 
mechanical-force-surmming network, All four 
of the bridge elements in the transducer are 
active. For each bridge element that increases 
impedance with increasing pressure, a second 
bridge element decreases impedance with in- 
creasing pressure, These elements are con- 
nected into the bridge in such a way as to obtain 
maximum sensitivity from the bridge, The 
transducer also has the necesgary circuit ele- 
ments to isolate the cutput from the input and 
to provide a regulated bridge excitation voltage, 
all necessary bridge amplification, bridge our- 
put demodulation if required, and to provide all 
required output filtration co that the transducer 
can be excited with a nominal 28-vde input and 
a 5-vde output at full pressure range. The 
transducer is capable of simulating the output 
at 20 and 80 percent of ‘ts operating range. The 
applicatlon of 28 vde to pins E or F activates a 


meet ere 


1 
aU PERCENT 
CALIBRATE 


K2 80 PERCENT 
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switching circuit that substitutes a resistor in 
tLe bric,e network, thecuby simulating the 
bridge output for 20 or 80 percent of the 
operating range of the inst«*ment. 


1-129. TEMPERATURE TRANSDUCERS. 


1-130. The temperature transducera (figure 
1-52) in the flight instrumentation system are 

the platinum resistance type. The resistance 
bulbs have a three-wlre termination that allows 

a bridge completion with a transmission line in 
opposite legs of the bridge, making zero and 
sensitivity changes negligible with variutions 

in Hne length and resistance. Each transducer 
ts supplied with its own resistance-versus-~ 
temperature calibration over a specified range. 
While all of the transducers operate on the same 
principle and the electrical connections ure 
identical, the physical configurations of the 
various transducers differ with the installation 
and measurement requirements. During static 
testing, a chromel-alumel thermocouple is 

used as a sensor for the hot-gas overtemperature 
device, because the response of resistance trans- 
ducers is not fast enough to provide adequate 
protection, 
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Figure 1-62. Temperature Transducer 


1-191, OXIDIZER AND FUEL FLOWMETERS. 


1-132, The oxidizer and fuel flowmeters 
(figure 1-53) are turbine-type, volumetric, 
liquid flowmeters, mounted in the propellant 
iigh-pressure ducts to measure the flow of 
propellants into the thrust chamber. Each 
flowmeter consists of a helical-vaned rotor 
assembly that senses the propellant flow, flow 
straighteners that direst the propellant flow 
across the rotor, anda magnetic pickup tiiat 
produces an output that is suitable for direct 
telemetry. Each magnotic pickup contains an 
auxillary isolated coil for checkout, Supplying 
a voltage to the checkout coil induces a signal 
in the measurement coil, During engine opera- 
tion, the flow of propellant through the flow- 
meter sets the rotor in motion. The speed of 
the rotor is a function of the volumetric flowrat: 
of the propellant and is detected by the megnetic 
plekup. The flux lines through the coil build up 
and collapse, generating an electromotive force 
(emf) that can be measured at the connector. 
The magnitude of this ernf is a function of the 
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speed of the rotor, the distance of the pickup 
from the top of the blades, and the blade ma- 
terial (a constant), The generated frequency 
depends on rotor speed and number of blades 
and is in direct correlation to flowrate, The 
fuel flowmeter has a four-vane rotor that pro- 
duces four electrical impulses a revolution, and 
the oxidizer flowmeter has a six-vane rotor that 
produces six electrical impulses a revolution, 


1-133, TURBOPUMP SPEED TRANSDUCERS. 


1-184, The fuel and oxidizer tuw-bopumps are 
equipped with magnetic pickups to measure turbo- 
pump speed for the instrumentation system and 
to provide a turbine overspeed cutoff signal for 
Static testing. Turbopump shaft speed is sensed 
by the magnetic pickup that alternalely disturbs 
a magnetic field with 12 equaliy spaced slots in 
the turbopump rotor assembly. As the turbo- 
pump shaft rotates and each slot passes the tip 
of the pickup, the flux densify of the pickup coil 
is interrupted. The buildup and collapse of the 
flux lines generate a voltage across the leads. 
This voltage is proportion] to the pump shaft 
speed, The output of the magnetic transducers 
is designed for generation of a 1-3 volt pulse 
suitable for direct telemetry. The fuel turbo- 
pump rotor is made frcm K-monel, which does 
not exhibit magnetic qualities until chilled to 
-500° F. Therefore, checkout of the tachometer 
by spinning the turbcpump is not feasible at 
ambient temperatures, An electrical checkout 
can be made, however, by applying a voltage in 
the signal coil, This check may be made at 
either ambient or cyrogenic temperatures, 


1-135, VALVE POSITION INDICATORS. 


1-136. The primary fHght instrumentation pro- 
vides a position indicator signal for the main 
oxidizer valve, the main fuel valve, the gas 
generator control valve, the oxidizer turbine 
bypass valve, the start tank discharge valve, 
the mixture ratio contro] valve, the augmented 
spark igniter valve, and propellant bleed valves. 
The position indicators on the components are 
2,000-chm potentiometers and/or position 
switches. Voltage ratio is used to determine 
potentiometric valve positions, Voliage ratio 
is obtained from the telemetry potentiometer 
signal and is calculated from the formula 


Potentiometer output in volts 
Potentiometer input in volts 


Voltage ratio = 


The voltage drop betwecn the power supply and 
the engine interface must be considered when 
determining potentiometer input, 
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Figure 1-53, Oxidizer and Fuel Flowmeters 
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1-133. Various cornponents of the J-% engines 
are insulated to improve engine recirculation 
chilldown, eliminate formation of liquid air, 
maintain satisfactory start and restart tempera- 
ture, and raduce normal heating during engine 
op2ration, Asa result of the five-engine cluster 
used on the SII stage, insulation is installed to 
reduce overheating caused by backflow, The 
insulation materials and installation methods 
vary greatly from one component to another. 
This variation depends on the shape and location 
of the component, physical access, and the 
function and movement of the component. 


1-139, The fuel turbopump volute, high- 
pressure fuel duct, fuel bleed line, and start 
tank ave insulated cn all engines to help main- 
dain the cold temnperature conditions that are 
required in the fuel system. A portion of the 
luet bleed line and bracket are insulated to 
eliminate the formation of liquid air. 


3-140. On STi stage engines, insulation is in- 
gtalled on the thrust chamber hat bands and 
reinforcing rings aft of the stage heat shield to 
provide thermal protection of these areas from 
base-heating during engine operation. Forward 
of the heat shield, the main fuel valve, elec- 
trical control assembly, and the electrical 
control assembly strut are also insulated to 
provide thermal protection against potential 

heat damage, ‘The fast-shutdown valve and the 
oxidizer turbine bypass valve are insulated to 
prevent overheating caused by boattail recircu- 
lation of hot gases if an engine shuts down in 
flight. The oxidizer turbopump volute, main 
oxidizer valve, oxidizer inlet duct, oxidizer 
high-pressure duct, miyture ratio control yalve, 
oxidizer bleed line, and the oxidizer tank pres- 
surization line are insulated to improve oxidizer 
system chilldown characteristics during stage 
loading and recirculation operations. 


j-141. On SIVK stage engines, the thrust 
chamber tubes, below ihe fuel inlet manifold, 
are Insulated to maintain the thrust chamber 

as cold as possible after chi/ldown, until the 
stage rcaches the first firing sequence. After 
launch, the insulation minimizes the effect of 
solar heat on the thrust chamber between engine 
starts, 


1-143. Engine operation is separated into three 
phases: start sequence, mainstage, and cutoff, 
The operation presented is typical for a single 
engine run, Engine operation is illistrated by 
an engine logic diagram (figure 1-54), engine 
start and cutoff sequence flew charts (figures 
1-55 and 1-56), engine schematics reflecting 
engine conditions during each stage of operation 
(figures 1-57, 1-58, and 1-59), and a block dia- 
gram flow chart (figure 1-60) showing all phases 
of engine operation. 


1-144. START SEQUENCE. 
1-145, When engine start ts initiated, the spark 


oxciters in the electrical control assembly are 
energized and provide energy for the augmented 
spark igniter and the gas generator spark ig- 
niters, The helium control and ignitic n-phase 
control valves are simultaneously enerpized, 
allowing helium from the helium tank to flow 
through the helium (pneumatic) regulator to the 
pneumatic control system. The helium is routed 
through the internal accumulator check valve in 
the pneumatic control package so that there is 
continued pressure to the engine valves if the 
helium supply fatls. Regulated helium flows 
from the port on the pneumatic control package 
to fill the pneumatic accumulator, 10 close the 
propellant bleed valves, and to purge the thrust 
chamber oxidizer injector and gas generator 
oxidizer injector manifold through the purge 
control vaive. A continuous purge to the oxi- 
dizer turbopump intermediate seal cavity flows 
from a port located between the regulator and 
iidernal check valve in the pneumatic control 
package. Helium flows through the normally 
open port of the mainstage control valve to the 
elusing control port of the main oxidizer valve 
and to the opening control port of the purge con- 
trol valve, which allows the thrust chamber 
oxidizer injector and gas generator oxidizer 
injector purzes to flow. The norrnally open 
port of the mainstage control valve also supplies 
opening control pressure to the oxidizer turbine 
bypass valve. The iguition-~phase control valve, 
when actuated, toutes hellum to open the aug- 
mented spark igniter valve and the main [vel 
valve and supplies pressure to the inlet port of 
the sequence valve, located within the main oxi- 
dizer valve first-stage actuator. Both propel- 
lants are now flowing under tank pressure 
through the stationary turbhopumps. 
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1-146. The sugmented spark igniter valve opens 
and oxidizer enters the augmented spark igniter 
chamber, As the main fuel valve opens, hydro- 
gen enters the augmented spark igniter chamber 
and the thrust chamber down tubes, then con- 
tinues up the tubes. The sequence valve, 
located within the main fuel valve assembly, 

is opened when the fuel valve reaches approxi- 
mately 90-percent open and routes helium to the 
pneumatic supply port of tie start tank discharge 
valve control valve. Simultancously with engine 
start, the start tank discharge valve delay timer 
in the sequence controller is energized. Upon 
expiration of (he timer (provided the stage- 
supplied mainstage enable signal is present), 

the start tank discharge valve control valve and 
the ignition-phase timer in the sequence con- 
troller are energized. If the mainstage enable 
signal has net been supplied at the expiration of 
the start tank discharge valve delay timer, 
energization of the start tank discharge valve 
control valve and the ignilion-phase timer will 
not occur, Thrust chamber prechill fiel lead 
times are conlrolled by the stage-supplied main- 
stage er,zble signal. As the start tank discharge 
valve control yalve energizes and the discharge 
valve opens, gaseous hydrogen, stored under 
pressure in the start tank, flows through the 
turbine drive system, accelerating both turbo- 
pumps to the proper operating levels to allow 
subsequent ignition and power buildup of the 

gas generator, The relationship of fuel turbo- 
pump to oxidizer turbopump speed buildup is 
controlled by the normally open oxidizer turoine 
bypass valve that permits some of the gas to 
bypass the oxidizer turbine. 


1-147. On engines not incorporating M2338 
change, augmented spark igniter combr stion 
must be detected vy the fusible-link ignition 
detector probe installed in the augment3d spark 
igniter, On engines incorporating MD338 change, 
the fusible~link probe is disconnected and elec- 
trically bypassed by a dummy probe, wiich 
results in a continuous ignition-complete signal 
being present in the control circuitry whenever 
engine electrical power is turned on. Absence 
of ignition detection signal will cause cutcff at 
the expiration of the ignition-phase timer. If 

the ignition-complete signal is present at expira- 
tion of the ignition-phase timer, the mainstige 
control valve is energized, Simultaneously, the 
sparks deenergized timer {6 energized and the 
start tank discharge valve control valve is 
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deenergized, causing the start tank discharge 
valve to close. Helium pressure is vented from 
the main oxidizer valve closing control port and 
from the opening control port of the purge con- 
trol valve through the normally open port of the 
mainstage control valve, The purge control 
valve closes, terminaling the thrust chamber 
oxidizer injector and gas generator oxidizer 
injector manifold purges. Opening control 
pressure from the normally closed port of the 
mainstage control valve is routed to the first- 
and second-stage opening control ports of the 
main oxidizer valve. Applying opening control 
pressure in this manner and controlled venting 
of the main oxidizer valve closing pressure 
provides a controlled ramp opening of the main 
oxidizer valve. The main oxidizer valve closing 
control pressure is vented through a thermal- 
compensating orifice to provide a constant valve 
ramp through all temperature ranges. The se- 
quence valve, located within the maiu oxidizer 
valve assembly, Supplies pneumatic pressure 
to the opening control port of the gas generator 
contro] valve and through an orifice to the 
closing control port of the oxidizer turbine by~ 
pass valve. 


1-148, Tho propellants flowing into the gas 
generator are ignited by spark plugs; hot-gas 
products of combustion pass through the exhaust 
duct to drive the turbines; high-pressure duct 
propellant flows increase; and the propellants, 
now flowing under pump pressure, are ignited 
in the thrust chamber. 


1-149, MAINSTAGE OPERATION, 


1-150. Transition inte :ainstage occurs as the 
turbopumps accelerate to steady-state speeds. 

As oxidizer injection pressure increases toward 
the steady-state level, a mainstage OK signal is 
generated by either one of the mainstage OK 
pressure switches. (Cutoff occurs if no signal 

is generated before expiration of the sparks 
deenergized timer.) The augmented spark igniter 
and gas generator spark exciters are deenergized 
by expiration of the sparks deenergized timer. 
Cutoff will occur if both pressure-sawitch- 
activated signals (mainstage OK) are Jost 

during mainstage operation. 
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1-151, Steady-state operation is: maintained 
until a cutoff signal is initiated, During this 
period, gaseous hydrogen is tapped from the 
forward fuel (injection) manifold to pressurize 
the vehicle fuel tank. The SIT stage oxidizer 
tank is pressurized by gaSeous oxygen, formed 
by routing liquid oxygen from the oxidizer higk- 
pressure duct through the heat exchanger located 
in the oxidizer turbine exhaust duct, On SIVB 
stage engines, stage-supplied helium (instead 
of oxygen) 1s routed through the heat exchanger 
for oxidizer tank pressurization. On restart 
mission engines, gaseous hydrogen is bled from 
the thrust chamber forward fuel manifold and 
liquid hydrogen is bled from the augmented 
spark igniter fuel line, to refill the start tank 
for engine restart. Approximately 60 seconds 
of mainstage engine operation are required to 
refill the start tank, Engine mixture ratio 
control is provided by the mixture ratio control 
valve, which bypasses oxidizer from the oxi- 
dizer turboptinp oullel back to the inlet. Ata 
preselected time during engine operation, a 
cominand signal is supplieo by the stage, to 
drive the mixture ratio control valve to one of 
its two discrete mixture ratio positions. 

1-152, CUTOFF SEQUENCE, 

1-153, The cutoff signal is received by the se- 
quence controller, which simultaneously deener- 
gizes the mainstage control and ignition-phase 
control valves and energizes the helium control 
deenergize timer. Opening control pressure is 
vented from the first- and second-stage main 
oxidizer valve opening actuators through the 
normally closed port of the mainstage control 
valve, while opening control pressure from the 
augmented spark igniter valve and the main fuel 
valve is vented through the normally closed 
port of the ignition-phase control valve. 


1-154. Pneumatic control system pressure is 
routed from the normally open port of the main- 
stage control valve to the closing actuator of 

the main oxidizer valve and to the opening con- 
trol port of the purge ccatrol valve. The purge 
control valve opens, allowing helium to flow to 
the check valve in the oxidizer injector purge 
line and to the check valve in the gas generator 
oxidizer purge line, These purges will flow 
when thrust chamber and gas generator chamber 
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pressures decay below the level of control sys- 
tem pressure, The normally open port of the 
ignition-phase control valve routes helium to 
the closing control port of the augmented spark 
igniter valve and the main fuel valve and to the 
opening control port of the fast-shutdown valve 
which actuates, allowing the gas generator con- 
trol valve opening control pressure to vent 
rapidly, All valves, except the oxidizer turbine 
bypass valve, are spring-loaded to the closed 
position and start to close as soon as opening 
pressure is vented, Fuel pressure in the gas 
generator control valve helps the spring close 
the valve. The oxidizer turbine bypass valve 
closing control pressure also vents through an 
orifice and the fast-shutdown valve. The oxi- 
dizer turbine bypass valve is spring-loaded to 
the normally open position and starts to open 
as closing pressure is vented. The normally 
open port of the mainstage control valve also 
supplies opening control pressure to the oxidizer 
turbine bypass valve to help the spring open the 
valve. 


1-155, Lxpiration of the helium control] deener- 
gize timer causes the helium control valve to 
deenergize, which closes the valve and vents 
control system pressure through the oxidizer 
injector and gas generator oxidizer purges. AS 
the control system pressure is vented to the 
actuation pressure of the normally closed purge 
control valve, the valve actuates closed and the 
purges stop. Pressure is now locked up between 
the check valve in the pneumatic control package 
and the normally open side of the mainstage and 
ignition phase control valves, the propellant 
bleed valve control ports, and the pneumatic 
accumulator, holding the bleed valves closed. 
This locked up pressure is bled off through an 
accumulator bleed orifice and vent port check 
valve, located in the line between the closing 
control actuator of the main fuel valve and the 
normally open port of the ignition phase control 
valve. As this pressure decays, the propellant 
bleed valves open by spring pressure and the 
cutoff sequence is complete. 
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Figure 1-57. Ignition Phase Scnematic 
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Figure 1-58. Mainstage Phase Schematic 
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SECTION Il 
THRUST CHAMBER AND GIMBAL SYSTEM 


This section is deleted. . | 


Pages 2-1 through 2-8 deleted. §f 
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SECTION iff 
GAS GENERATOR AND EXHAUST SYSTEM 


This section is deleted, | 


Pages 3-1 through 3-8 deleted. ff 
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SNCTION [V 


PROPELLANT FEED SYSTEM 


This section is deleted. 


Pages 4-1 through 4-18 deleted. ff 
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SECTION V 
CONTROL SYSTEM 


This section is deleted, i 


Pages 5-1 through 5-14 deleted, J 
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SECTION VI 


START SYSTEM 


This section is deleted, i 


Pages 6-1 through 6-10 deleted, | 
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SECTION VII 


INSTRUMENTATION SYSTEM 


This section ig deleted, i 


Pages 7-1 through 7~38 deleted, fl 
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Section VI R-3825-1 
Paragraphs 8-1 to 8-8 


8-1, SCOPE. This section contains data pertinent to engine system performance 
and is presented as an aid in analyzing and determining certain specific candi- 
tions. The data represents the latest available information. Changes may he 
made as additional test dala becomes available. 


8-2. AVERAGE ENGINE PERFORMANCE VALUES. 


8-2, Average engine performance values and standard deviations are presented 
in figures 8-1 anc 8-2. These values are determined at standard altitude condi- 
tions and rated conditions of engine thrust, engine mixture ratio, and turbine inlet 
temperature, The iverage values were obtained by performing an engine-cycle 
balance, using average values of hardware characteristics. Only engine runs 
with constant hardware and orificing were considered. The engine-to-engine and 
run-to-run variations were calculated directly from the results of each test. 
Average engine performance values for 230K engines are also shown on a schematic 
(figure 8-3). These values were obtained during mainstage condition at maximum 
propellant utilization (60-second data slice), The engine balance data is based 
upon a power extraction of 15 horsepower al the accessory drive pad. The acces~ 
sory drive pad is described in section IX. 


8-4. Engine configuration changes at certain points in the production schedule 
result in some variations in performance. 


8-5. Notable changes responsible for performance variations are as follows: 


a. At engine J~2025, the nominal calibration point changed to 225,000 pounds 
thrust, 5.50 engine mixture ratio, and 1, 200° F fuel turbine inlet temperature. 


b, At engine J-2060, the nominal calibration point changed to 230,000 pounds 
thrust, 5.50 engine mixture ratio, and 1, 200° F fuel turbine inlet temperature. 


8-6. Gaseous oxygen for vehicle oxidizer tank pressurization is bled from the 
oxidizer turbopump discharge duct through a heat exchanger in the hot-gas duct. 
The vehicle fuel tank is pressurized with gaseous hydrogen from a tap at the 
thrust chamber fuel injection manifold. The effects of tank pressurization flow- 
rate changes versus engine balance are described in this section. Engine specific 
impulse and mixture ratio do not include the propellants diverted for tank pres- 
surization. On engines incorporating MD105 or MD194 change, the tap on the oxi- 
dizer turbopump discharge duct for oxidizer tank pressurization is capped and a 
separate customer connect line is provided for supplying stage helium to the heat 
exchanger for oxidizer tank pressurization. 


8~7, ENGINE PERFORMANCE AT VARIOUS ALTITUDES, 


8-8. The J-2 rocket engine is designed for upper~stage vehicle application. It 
has a relatively large nozzle expansion area ratio of 27,15:1. At sea level, the 
exhaust nozzle is capable of being equipped to operate with no jet separation over 
the nominal range of engine operation. 
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Parameter 
PROPELLANTS 


Oxidizer density 
Fuel density 
Fuel temperature 


Oxidizer 
temperature 


ENGINE 


Thrust (altitude) 
Thrust (sea level) 
Specific impulse 
(altitude) 
Specific impulse 
(sea level) 
Mixture ratio 
Rated duration 
Oxidizer weight 
flowrate (thrust 
chamber plus 
gas generator) 
Fuel weight flow~- 
rate (thrust 
chamber plus 
gas generator) 
Chamber pressure 
(injector end) 
Chamber pressure 
(nozzle stagnation) 
Area expansion 
ratio 


Unit of 
Measurement 


Ib/cu ft 
lb/cu ft 
“R 
“F 
°R 


O/F 
sec 
lb/sec 


lb/sec 


psia 


psia 


R-3825-1 


(a) 


Mean 


70.79 

4,40 
37,156 
~422, 844 
164,476 
-295.024 


225, ooo) 
156, 400 
423.8 
293.81 
5,500”) 


500.00 
449.3 


81,68 
762.6 °) 


702,2 


27. 12:1 


Standard Deviations 


Engine-to- Engine 


0.18 


0,85 
0, 85 
0.23 


(a) Values include correction for runs made with diffuser, 


(b) Rated conditions. 
(c) Actual pressure. 
than actual pressure, due to purge-bias effect, 


Section VIII 


Percent) 


Kun-to-Run 


An observed or recorded measurement is 15 psi greater 
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Figure 8-1, 


Average Engine Performance With Standard Deviation Values 


at Rated Conditions (Engines J-2025 Through J-2059) (Sheet 1 of 3) 
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Section VIII R-3825-1 


EE OE TTT I I a PNA a se 


Unit of (a) Standard Deviations (Percent 
Parameter measurement Mean Engine-to-Engine | Run-to-Run 


§ OXIDIZER TURBOPUMP 


Engine inlet psia 39. 00 -- -- 
pressure 

Pump discharge psia 1, 080. 8 0. 63 0,33 
pressure 

Developed head ft 2,116.9 0, 58 0.4] 

Volumetric flowrate gpm 2,907. 4 0.47 0,16 
(impeller flow) 

Weight flowrate (in- ib/sec 458, 55 0.17 0. 16 


cludes leakage flow 
past PU valve with 
PU valve in fully 
ciosed position) 


Horsepower bhp a, 204.91 0. 60 0. 52 
Speed rpm 8,571.9 0. 54 0.14 
§ FUEL TURBOPUMP 

Engine inlet psia 30, 00 ~~ -- 
pressure 

Pump nischargs psia 1, 224, 48 0.72 0. 43 
pressure 

Neveioped heac ft Jf, D112 0.71 0. 43 

Volumetric flow- ppm 8,414, 15 0.18 0. 16 
rate 

Weight flowrate lb/see 82, 486 0.18 0. 16 

Horsepower bhyp 7,789, 13 2. 94 9,58 

Speed rp 26, 702, O 5 AG | ae 0,17 
OXIDIZER TURBINE 

Inlet pressure (total) psia 85,9 1.42 0, 37 

Outlet pressure psia 32, La 1. 56 0, 43 
(static) 


a 


(a) Values include corre¢tion for runs made with diffiser. 
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Figure 8-1, Average busine Performance With Standard Deviation Values 
at Rated Conditions (kngines 1-2025 Through J~2059) (Sheet 2 of 3) 
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k-3825-1 Section VIIT 


eR TEE RE FE OT UE-2 


1 yy eT ALAR fhe 


Unit of (a) Standard Deviations (Percent) 
Parameter Measurement Mean‘” Engine-to-Engine [Run-to-Run 
inlet temperature °R 1, 229. 54 1. 36 1.73 
°F 769, &6 
Outlet °R 1,071. 83 1.41 1,04 
temperature °F 612, 15 
Auxiliary power bhp 15. 00 -- -- 


available (30 
bhp maximum) 


FUEL TURBINE 


Inlet pressure (total) psia 633, 61 1. 52 0.51 
Outlet pressure psia 87. 08 1, 49 0. 36 
(static) ‘h) 
Inlet ter perature °R 1, 689. 7° -~ -- 
°F 1, 200. 0 
Gutlet temperature °R 1,229.6 1, 36 1.73 
°F 762, 9 


GAS GENERATOR 


Chamber precsure psia 654, 7 1. 46 0.51 
(injector end) 
Oxidizer weight 


flowrate lb/sec 3,4 1. 08 0.51 
Fuel weight lb/sec 3. 62 1.98 0.51 
flowrate 


HYDROGEN TANK PRESSURIZATION 


Weight tlowrate \b/sec 0. 80 -- ~~ 
‘Lemperature °R (A) 4 


OXIDIZER TANK PRESSURIZATION 


Weight flowrate Ib/sec 1.8 ~- =r 
Temperature °R (d) 


(a) Values include correction for runs made with diffuser. 
(b) Rated conditions. 
{q) ‘Temperature values may be determined from applicable figures in this section. 


Figues 8-1. Average Engine Performance With Standard Deviation Values 
at Rated Conditions (Engines J-2025 Through J~2059) (Sheet 3 of 3) 
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| ais ; ~~” Standard Deviations 
Unit of desist alaska 
Parameter Measurement Mean Engine-to- Engine [Run-to- Run 


a rr entre gy A NS 


PROPELLANTS 
Oxidizer density Ib/cu ft 70.79 
Fuel density Ib/ecu ft 4.40 
Fuel temperature " 87.156 
°F ~422,547 
Oxidizer oR 164.476 
temperature °F ~295.212 
ENGINE 
Thrust lb 230,000 1,696 598 
Specific impulse sec 424.9 0.75 0.66 
Mixture ratio O/F 5.90 0.031 0.010 
Oxidizer weight lb/sec 458.07 3,29 0.86 


flowrate (thrust 
chamber plus 
gas generator} 
Fuel weight lb/sec 83,29 9,63 0.19 
flowrate (thrust 
chamber plus 
gas generator) 


Chamber pressure psia 780. gla) 6.6 2.1 
(injector end) 

Area expansion ratio : 27.16:1 0.04 ~~ 
(corrected) 


OXIDIZER TURBOPUMP 


Engine inlet pressure psia 39.00 ied -- 
Pumpy discharge psia 1,108.5 12,69 3.19 
pressure 
Developed head ft 2,172.0 25.9 6.4 
Volumetric gpm 2,965.4 20.9 5.5 
flowrate 
(impeller flow) 
Weight flowrate lb/sec 467.70 3,29 0.87 
Horsepower bhp 2,302.0 41,0 10.1 
Speed rpm 8,698.2 53.9 11.3 


t ceeemnameaeenel 


(a) Actua) pressure. An observed or recorded measurement is 15 psi greater 
than actual pressure, due to purge-bias effect. 
Vigure 8-2. Average Engine Performance With Standard Deviation Values 
at Rated Conditions (Engines J-2060 and Subsequent) (Sheet 1 of 3) 
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EL ee Ry (te 


Parameter 


FUEL TURBOPUMP 


Engine inlet pressure 
Pump discharge 
pressure 
Developed head 
Volumetric 
flowrate 
Weight flowrate 
Horsepower 
Speed 


OXIDIZER TURbINE 


Inlet pressure (total) 

Outlet pressure 
(static) 

Inlet temperature 


Outlet temperature 


Auxiliary power 
available (30 bhp 
maximum) 


FUEL TURBINE 


Inlet pressure (total) 

Outlet pressure 
(static) 

Inlet temperature 


Outlet temperature 


GAS GENERATOR 


Chamber pressure 
(injector end) 

Oxidizer weight 
flowrate 

Fuel weight flowrate 


—— et 


Figure 8.2 Average Engine Performance With Standard Deviat 


Unit of 
Measurement 


Ib/sec 
bhp 
rpm 


psia 
Ib/sec 


Ib/sec 


30.00 -- 
1,251.3 13.39 
38, 336.9 406.2 
8,587.5 64.7 
84.19 0.63 
8,587.5 178.2 
27,167.2 264, 3 
89.3 2.2 
35. 65 0. 64 
1,229.2 482.8 
768.5 23.1 
1,071.2 478.7 
611.5 19.0 
15.00 
652.6 14,9 
90.57 1.96 
1,659.7 482.0 
1,200.9 22.3 
1,229.2 482.8 
66.5 23.1 
682,0 15.6 
3,41 0,088 
3.63 0.102 


nn 


ion Values 


Section VIII 


0.021 


0.020 


at Rated Conditions (Engines J-2060 and Subsequent) (Sheet 2 of 3) 
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Section VIII R-3825-1 


Oe  Unitof Standard Deviations 
Parameter Measurement Mean Engine-to- Engine |Run-to-Run 


HYDROGEN TANK PRESSURIZATION 


Weight flowrate lb/sec 0.90 
Temperature °R (b) 


OXIDIZER TANK PRESSURIZATION 


Weight flowrate Ib/sec 2.10 
'‘'emperature °R (b) 


(b) Temperature values may be determined from applicable figures in this 
section. 


Figure 8-2, Average Engine Performance With Standard Deviation Values 
at Rated Conditions (Engines J-2060 and Subsequent) (Sheet 3 of 3) 


8-8 Change No. 11 - 25 May 1971 
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Figure 8-3. Average Engine Performance Schematic (Engines J-2060 and Subsequent) 
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Section VHJ R-3825-1 
Paragraphs 8-9 to 8-11 


8-9. PERFORMANCE VARIATIONS RESULTING FROM OFF-NOMINAL CON- 
DITIONS AND PROPELLANT UTILIZATION VALVE OPERATION, 


8-10. Variations in specific impulse and thrust versus altitude are defined in 
figures 8-4 through 8-7, Variations in thrust and specific impulse versus engine 
mixture ratio (MR) are defined in figures 8-8 through 8-11. A typical curve of 
engine mixture ratio versus propellant utilization (PU) valve voltage ratio for 
engines supplied with a PU vaive without a rotated deflector is shown in figure 
8-12. On engines incorporating MD283 change, the PU valve deflector has been 
solated 80 degrees counterclockwise. Curves of thrust, specific impulse, and 
mixture ratio versus PU valve voltage ratio for engines supplied with a PU valve 
with the rotated deflector are shown in figures 8-12A through 8-12C. If MD283 
change is incorporated after engine acceptance testing, the PU curves in the 
Fngine Log Book are invalidated and must be replaced with the curves in figures 
8-12A through 8-12C. The engine propellant utilization (PU) system is designed 
for a mixture ratio control of 1.0 mixture ratio units (MRU). 


8-11. Curves of specific impulse, thrust, and mixture ratio versus mixture 
ratio control valve position for engines incorporating MD366 or MD371 change, 
are shown in figures 8-12D through 8-12F. The relationship between mixture 
ratio contro: valve gate angle and mixture ratio control valve position (telemetry 


volts DC) is siiown in figure 8-12G., 


8-10 Change No. 11 - 25 May 1971 


R- 3826-1 Section VII 


ENGINE SPECIFIC ILIPULSE, SEC 
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Figure 8-4, Specific Impulse Versus Altitude (Engines J-2025 Through J-2069) 


Change No. 11 - 25 May 1971 8-10A/8-10B 


R-3825-1 Section VUI 
Paragrapks 8-12 to 8-13 
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Figure 8-5. Specific ‘pulse Versus Altitude (Engines J- 2060 and Subsequent) 


8-12, Performance variation caused by off-nominal conditions may be determined 
using the engine influence coefficients presented in figures 8-19 and 8-20. When 
helium is used as the vehicle oxidizer tank pressurant (SIVB stage), engine per- 
formance changes must be determined using the helium flow influence coefficients 
in figures 8-19 and 8-20. For engines supplying oxidizer as the vehicle oxidizer 
tank pressurant (SII stage), engine performance changes must be determined using 
the correction curve in figure 8-21 with the influence coefficients in figures 8-19 
and 8-20. The helium flow influence coefficient column is not used. 


8-13, 4 Mixture ratio variation capability has been provided in the PU valve. 
The effect of varying mixture ratio on engine performance may be calculated by 
utilizing the influence coefficients in figures 8-19 and 8-20, Figures 8-12 and 
8-12C show the relationship between PU valve voltage ratio and engine mixture 
ratio, Thrust chamber propellant flowrates vhen controlled by differing PU 
valve settings, including all expected variations, are shown in figures 8-13 and 
8-14, Gas generator propellant flowrates when controlled by differing PU valve 
settings, including all expected variations, are shown in figures 8-15 and 8-16. 


Change No. 6 - 18 June 1969 8-11 


Section VII R-3825-1 
Paragraph 8-13A 


8-13A. The PU valve position is expressed in terms of voltage ratio. Voltage 
ratio is obtained from the telemetry potentiometer signal and is calculated from 
the formula 


Potentiometer output in volts 
Volace fal 
Potentiometer input in volts 


When the PU valve position is related to engine performance data, the valve posi- 
tion also may be defined in terms of nominal, maximum, and minimum propellant 
utilization, The PU valve is in the nominal position when the control potentio- 
meter wiper is in contact with the tap on the control potentiometer. Maximum 
propellant utilization occurs when the PU valve is fully closed, and minimum pro- 
pellant ulilization occurs when the PU valve is fully open, The following data 
illustrates the relationships between propellant utilization, valve position, and 
position indication in voltage ratio: 


Valve Position in Valve Position in 
Fropellant Utilization Degrees from Nominal Voltage Ratio 
Maximum 32.5 (closed) 0.025 
Nominal 0 ( -- ) 0.540 
Minimum 27.5 (open) 0.975 


8-12 Change Na, 4 - 10 July 1968 
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Thrust Versus Altitude 
Change No. 7-4 December 1969 
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R~3825-1 Section VIII 


ENGINE THRUST, POUNDS 
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Figure 8-8, Engine Thrust Versus Engine Mixture Ratio for Variation in PU 
Valve Position (Altitude) (Engines J-2025 Through J-2059) 
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Figure 8-9. Engine Thrust Versus Engine Mixture Ratio for Variation in PU 
Valve Position (Altitude) (Engines J-2060 and Subsequent) 
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Figure 8-10. Engine Specific Impulse Versus Engine Mixture Ratio for Variation 
in PU Valve Position (Altitude) (Engines J-2025 Through J-2059) 
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Figure 8-11. Engine Specific Impulse Versus Engine Mixture Ratio for Variation 
in PU Valve Position (Altitude) (Engines J-2060 and Subsequent) 
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Figure 8-12. Differential Mixture Ratio Versus Prop2lant Utilization Valve Position 
for Vaive Without Rotated Deflector 
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Figure 8-12B. Differential Specific Impulse Versus Propellent Utilizaticn Valve Position 
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Figure 8-12C. Differential Mixture Ratio Versus Propellant Utisization Valve Position 
for Valve With Rotated Deflector 
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Figure 8-12D. Engine Delta Specific Impulse Versus Mixture Ratio Control Valve Position 
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Figure 8-12E. Engine Delta Thrust Versus Mixture Ratio Control Valve Position 
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Figure 8-12F. Engine Nominai Mixture Ratio Versus Mixture Ratio Control Valve Position 
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‘Figure 8- 12G. 1 Mixtur ) Ratio Control Valve Gate Angle 
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Figure 8-13, Thrust Chamber Fuel Flowrate Versus 
Propellant Utilization Valve Setting 
Change No. 11 - 2 May 1971 8-16G/8-16H 
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Section VIII R-3825-1 
Paragraphs 8-14 to 8-19 


8-14. TRANSFER FUNCTION FOR ENGINE THRUST RESPONSE TO PU VALVE 
MOVEMENT. (See figures 8-17 and 8-18.) 


8-15. The transfer function between engine thrust and PU valve position is given 
by the following equation: 


(1) 


NOTE 


S is the Laplace transform operator. 


Since PU valve resistance is a nonlinear function of valve position, the steady- 
state gain (v) varies nonlinearly with valve position. For perturbations of the 
valve about any position, the steady-state pain has been calculated (figure 8-17). 
The dynamics of the engine system are nearly constant over the PU operating 
range, and the poles and zeroes of the above equation do not change significantly 
at the extreme valve positions. The gain and phase of the transfer function for 
0-30 cps is shown in figure 8-18 for linear perturbations at zero degrees from 
the center tap. 


8-16. INFLUENCE COEFFICIENTS. 


8-17, The cngine influence coefficients (figures 8-19 and 8-20) result from a 
linearized solution of a set of steady-state equations which describe the operation 
of an engine. ach influence coefficient is expressed in percentape form and 
represents the effect upon an engine dependent variable of a + 1% change in an en- 
gine independent variable, A coefficient preceded by a positive (+) sign, or no 
sign, indicates that an increase in the independent variable results in an increase 
in the dependent variable; a coefficient preceded by a negative (-) sign indicates 
that an increase in the independent variable results in a decrease in the dependent 
variable. 


8-18. Influence coefficients possess adequate accuracy over the entire design 
operating range of the engine, The ¢* correction shown in figures 8-19 and 8-20 
is optional for increased accuracy and is to be used with the other independent 
variables to compute changes in the dependent variables because of ¢* non- 
linearity in the system. 


8-19, The following information is required for the sample calculation to deter- 
mine engine thrust using influence coefficients from figure 8-19 and the listed 
operating conditions. 

a. Fucl temperature: 38.00°R, 


b. Oxidizer temperature: 165. 0°R. 
8-20 Change No. 3 - 29 November 1967 
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Figure 8-17, Transfer Function Steady-State Gain Versus PU Valve Position 
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Figure 8-18. Propellant Utilization Valve Motor-Frequency Response 
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Nominal Value:, 


A + one percent chanye Of nnn 4 
causes the followimy 
per ion change ip maces 


oe renee er RO ree 


Thrust, 225, 000 Ib 
Specific Impulse, 423.76 see 
“nel Flowrate, 81. 666 Ib/soc 
Oxicdizer Flowrate, 449, 27 tb/see 
Mixture Ratio, 5.56 O/W 
GG Fuel Flowrate, 3,618 Ih/se 
GG Oxidizer Flowrate, 
3,400 ib/sec 
Fuel Pump Speed, 26, 799 -pm 
Oxidizer Pump Speed, 8,571.7 rpm 
T/C Nozzle Stagration Pressure, 
702.24 psia 
C* Actual, 7354. 6 
Fuel Pump Discharge Pressiucu, 
1, 224.4 psia (tolal) 


Oxidizer Pump Discharge bresoure, 


1, 080. 8 psia (total) 

Fuel Turbine Talet Teniperaurce, 
1,660.0° R 

Fuel Turbine Discharge 
ture, 3,244. 5° 

Oxidizer Turbine Inlet Pressatre, 
85, 687 psia (total) 

Oxidizer Turbine Dischaige Pres- 
sure, 32.024 pr’. (stalic) 

Oxidizer Turbine ie 
Temperature, 1,071.6° ] 

Gas Generator Chamber br 1S 
(injector end). 654.74 psia 
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(a) At nominal density. 
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ie | 
Pemmper ature 
of 159° R{a) 
(Notuinal Density = 
4.40 th/cu ft) 


Oxidizer 
Temperature 
164,50° R 

(Nomninal Density = 
70.79 lb/cu ft) 


AT ARE ARF ARS EE Ae UNI Ay init rte 


0, 0432 
~(', O128 
-Q, 1924 
-0,05295 
7, 1196 
“fl, 2638 
-0, 0025 
0, 1385 
-0. 0210 
~0. 0522 


~Q, 20% 
~U, 1247 


-0, 0443 
0.2089 
Q, A028 

~0, 0652 

- 0.0663 
OG, 8%dh 


~0. 0686 


-0. 3201 
0. 0249 
-0. 1247 
-9, 3849 
~0, 260° 
~Q. 1492 
-0, 3668 
~0. 1352 
0.0397 
~0, 2986 


0, 0475 
-0, 2887 


-9. 3196 
~(, 2110 
- 0.2060 
-0, 3121 
-0.3146 
-0, 2248 


-0,3114 


Indepen 
Engine Iingine 
Fuel Oxidizer 
Inlet inlet 
Pressure 
30.0 
PSIA 
0, 0035 
0. 0019 : 
0.0157 0, 00923 
-0, 0010 0.0338 
~9, 9167 0,024 
0, 0168 6.0124 
0. 00038 0. 0288 
0.9030 0.0106 
0.9050 0,0073 
0, 0648 0.92565 
9.0033 -0, 0045 
0, 0161 0, 0234 
0, 0028 0,0380 


0, 0044 0,0247 


(b) The influence coefficients presented are effective for engines using helium as the oxidizer tank pr 
_fe) Refer to r_to paragraph 8- 24h, for dutoriuation _on use of oxidizer er tank pressurisation flaw influence eco 


-0. 0160 0.0159 
-0, 0179 .04155 
6, 0032 0.0247 
0. 0034 0.0246 
~0,0193 0.0159 
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Independent Variables and Nominal Values 


6 a TT OA RR RN em Rea oe Ry mee 


cidiver Engine Engine Propellant (* Fuel Tank Oxidizer Tank  Oxidizer 


pera ae Fuel Oxidizer Utilization Correction Pressurization Pressurization Turbine 
50° R &) Inlet Inlet Control 1,00 Flowrate Aiclium Accessory 
i Density = Pressure Pressure Setting 0.8 lb/sec Flowrate Drive BHP 
lb/cu ft) 30. 0 39.0 0.145Ib/sec) 15 uP 
= st a aa see a ke 
3201 0.0035 0.0277 0, 00502 0.9443 -0. 0023 0.0035 -0. 0065 
0249 0.0019 -0.0024 -0,00043 1,0135 ~0. 0011 -0, 0003 0, 0006 
1247 0.0187 0.0092 0.00167 -0.0010 ~0. 0090 0.0012 ~0. 0022 
3849 ~0. 0010 0, 0338 0.00614 -0,0816 0, 0003 0.0042 ~0, 0080 
2602 -0. 0167 0.0247 0. 00447 -0, 0805 0.0093 0, 0031 -0. 0058 
1492 0. 0168 0.0124 0. 00226 0.3796 -~0, 00209 0.0016 -0, 0029 
3663 0. 0003 0. 0288 0.00523 0, 4837 ~0. 0014 0, 0036 -0, 0068 
1352 0. 0010 0.0106 0. 00192 0, 16993 ~(), 0005 0.0013 -0, 0025 
0397 0.0019 0.0073 0. 00289 0, 2438 ~Q, 0008 0, 0028 -6, 0053 
2986 0, 0048 0.0256 0, 00465 0. 9480 ~0. 003 1, 0032 -0, 0061 
0475 0, 0033 -0.0045 ~0. 00082 1, 0239 -0, 9019 ~0, 0006 0.0011 
2887 Uv. 0161 0.60234 0, 00425 0, 5706 -0, 0026 0.0029 -0. 0055 
3156 0. 0028 0, 0380 0. 00690 0.6186 -0. 0020 0.0048 -0. 0090 
21410 =f), 0160 0.0169 9, 00289 0.1012 0.0006 0,002) -0. 0038 
2 180 “0, 179 0.9155 0, 00281 0.0780 0.0007 u.0019 -0, 0037 
3121 0, O02 0,0247 0, 00448 0, 4470 -0. 0015 0.0031 -~0. 0058 
3146 0, 0034 0, 0246 0, 00439 0. 4658 ~0.0016 -0, 0024 -0. 0057 
2248 -0. 0193 0.0159 9, 00275 0, 0637 0.6008 0.0014 -0, 0034 
3114 0. 0044 %. 0247 0.00448 0.4574 -0. 0016 0. 0031 -0. 0058 
Bing helium as the oxidizer tank pressurization media (S{VB stage). 


Figure 8-19, Engine Influence Coefficients (Engines J-2025 Throt 


Change No. 7 - 4 Decembe 


ngine 
idizer 
Tnlet 
ressure 
39.0 
PSIA 


0.0277 
-0, 0024 
0.0092 
0, 0338 
0.0247 
0.0124 
0, 0288 


4 


0.0106 
0.0073 
0.0256 


-0, 0045 
0.0234 


0.0380 
0.0159 
0.0155 
0.9247 
0.0246 
0.0159 


0.0247 


Propellant 
Utilization 


Control 
Setting 


0. 00502 
-0, 00043 
0. 00167 
0. 00614 
0, 00447 
0. 00226 
0.00523 
0. 00192 
0. 00289 
0. 00465 


~0, 00082 
0, 00425 


0, 00690 
0, 00289 
0. 00281 
C. 00448 
0, 00439 
0, 00275 


0, 00448 


C* 


0. 9443 
1.0135 
-0. 0010 
-0,.0816 
-0, 0805 
0, 3796 
0.4337 
0, 1699 
0. 2438 
Q. 9480 


1. 0239 
0. 5706 


0, 6186 
0, 1012 
0. 0780 
0. 4470 
U. 4658 
0. 0637 
0.4574 


Independent Variables and Nominal Values 


Fuel Tank 
Correction Pressurization Pressurization 
1. 00 


Flowrate 


0.8 lb/sec 


AA i er ana er 


~0, 0023 
-0. 0011 
-0. 0090 
0. 0003 
0.0093 
~0, 0020 
-0,0014 
-0, 0005 
-0. 0008 
-0. 0030 


-0. 0019 
-0, 0026 


-Q. 0020 
0, 0006 
0, 0007 

-0. 0015 

-0, 0016 
0. G08 


~0, 0016 


tank pressurization media (SIVB stage). 


ence coefficients (SI stage), 
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Oxidizer Tank 


0. 145 lb/sec®) 


Helium 
Flowrate 


. 0085 
. 0003 
0012 
0042 
0031 
O016 
0036 
. 0013 
. 0028 
. 0032 


. 0006 
. 0029 


. 0048 
. 0020 
. 0019 
. 0031 
. 0024 
. 0014 


. 9031 


Section VIII 


Oxidizer Tank 
Pressurigation 
Correction 


Oxidizer 
Turbine 
Accessory 


Drive BHP 1. 00° 
15 HP 
-0, 0965 -0, 3508 
0. 0006 0. 0299 
-0, 0622 -0. 1159 
-0, 0080 ~0, 4287 
~0. 0058 ~0. 3127 
-0. 0029 ~0, 1437 
-0. 0068 ~0. 3676 
-0. 0025 0.1351 
-0, 0053 -0. 3561 
-0. 0061 -0, 3248 
0. 0011 ~0. 0574 
-0, 0055 ~0, 2991 
-0. 0090 ~0, 4798 
-0. 0038 20,2187 
-0. 0037 -0, 2109 
~0. 0058 -0, 3093 
-0, 0057 0. 7245 
-0, 0934 -0, 1107 
-0, 0058 -~0. 3113 


Figure 8-19, Engine Influence Coefficients (Engines J-2025 Through J-2059) 


Change No. 7 - 4 December 1969 


8-23 


Section VIII R-3825-1 


Dependent Variables and 
Nominal Values 


A + one percent change of ——» Fuel Oxidizer Engine Engine i 


causes the following Temperate Temperature Fuel Oxidizer 
percent change sa | 37, 161° R@) 164, 49° R{a) Inlet Inlet @ 
(Nominal Density = (Nominal Density = Pressure Pressur@ 
4.40 lb/cu ft) 70.79 lb/cu ft) 30. 0 39.0 & 
PSIA PSTA J 
Thrust, 230, 000 ib -0, 0444 -0,. 3193 0,0035 0.0274 
Specific Impulse, 425. 03 sac 0.0120 0.0245 0.0018 -0, 0023 
B I'uel Flowrate, 83.252 lb/sec -0, 1321 -0, 1256 0.0155 Q, 0096 
Oxidizer Fiowrate, 457. 89 Ib/sec -0.0142 -0, 3835 -0, 0008 0.0333 
Mixture Ratio, 5.50 O/F 0.1179 -0.2578 -0, 0164 0.0237 & 
GG Fuel Flowrate, 3.712 lb/sec -0, 2659 -0. 1476 0. 0169 0.0123 8 
GG Oxidizer Flowrate, 3.489 lb/sec -9, 9025 -0, 3662 0. 0002 0.0293 & 
8 fuel Pump Speed, 27,272 rpm 0. 1384 ~0. 1351 0, 0009 0.0108 F 
Oxidizer Pump Speed, 8, 687.3 rpm -0. 0219 0.0406 0. 0010 0.0074 ¥ 
T/C Nozzle Stagnation Pressure, ~0, 0532 ~0.2981 0. 0048 0. 0254 
718,05 psia 
C* Actual, 7378.0 ~0. 0223 0.0470 0. 0032 -0, 0044 
Fuel Pump Discharge Pressure, ~0. 1249 -0.2876 0.0156 0.0235 
1,247.3 psia (total) 
§ Oxidizer Pump Discharge Pres- ~0.0459 -0, 3144 0. 0029 0.0376 § 
sure, 1,106.6 psia (total) 
Fuel Turbine Inlet Temneratuve, 0. 2560 -0,2124 -0. 0162 6. 0164 
1, 660,0° R 
Fuel Turbine Discharge Temper- 0.2550 -0.2075 -0.0181 0.0160 
ature, 1,234.8° R - 
Qxuidizer Turbine Inlet Pressure, -0, 0676 -0, 3106 0.0033 0.0249 & 
90.004 psia (total) 
Oxidizer Turbine Discharge Pres- -0. 0689 -0. 3128 0.0035 0.0247 § 
sure, 33.706 psia (static) 
Oxidizer Turbine Discharge 0.2715 -0, 2233 -0,0192 0.0162 
Temperature, 1,075.5° R 
Gas Generator Chamber Pressure -0. 0692 -0, 3108 0, 0044 0.0250 


(injector end), 696.91 psia 


fa) At nominal density. 
(bo) The influence coefficients presented are effective for engines using helium as the oxidizer tank pr 
(c) Refer to paragraph 8-24A for information on use of oxidizer tank pressurization flow influence co 


ema at 


Figure 8-20, Engine Influence Coefficients (Engines J-2060 and Subsequent) 


8-24 Change No. 4 - 10 July 1968 


Independent Variables and Nominal Values 


er Engine Engine Propellant Ue Fuel Tank Oxidizer Tank Okxidizer 
ture Fuel Oxidizer Utilization Correction Pressurization Pressurization Turbine Pres 
a) Inlet Inlet Control 1, 00 Flowrate Helium Accessory Co 
nsity= Pressure Pressure Setting 0.90 lb/sec Flowrate ,. Drive BHP 
cu ft) 30, 0 39, 0 0.144 lb/sec®) 15 HP 
PSIA PSIA 


3 0.0035 0.0274 0.00493 0. 9447 -0, 0025 0.0034 -0, 0064 
BY 0.0018 -0.0023 -0.00041 1, 0128 -0, 0012 -0, 0003 0, 0005 
6 0.0155 0.0096 0.00172 -0. 0040 -0, 0098 0.0012 -0, 0022 
3 -0. 0008 0.0333 0.00600 -0. 0797 0. 0003 0. 0041 -0, 0077 
8 ~0, 0164 0.0237 0.00428 -0. 0758 0.0101 0, 0030 -0, 0055 : 
6 0.0169 0.0123 0.00223 0. 3873 -0, 0024 0.0015 -0, 0029 -0. 
2 0. 0002 0.0993 (0.00527 0. 4808 ~0.0015 0. 0036 -0, 0068 -0. 
1 0.0009 0.0108 0.00194 0. 1690 ~0. 0005 0.0013 -0, 0925 -0, 
6 0.0010 0.0074 9.00281 0.2425 -0, 0008 0.0028 -0, 0052 -0. 
0. 0048 0.0264 0.00458 0. 9479 -0, 0033 0.0032 -0. 0059 -0. 
0. 0032 -0.0044 -0.00078 1. 0228 -0, 0021 -0. 6005 0.0010 6. 
0.0156 0.0235 0.00424 0. 5708 -0, 0030 0.0029 -0,0055 -0.: 
0. 0029 0.0376 0.00677 0. 6186 -0, 0022 0.0047 -0, 0087 ~Q. 
-0, Q162 0.0164 0.00296 0. 0908 0. 0008 0. 0020 -0. 0038 
-0. 0181 0.0160 0.00289 0. 0664 0.0010 0.0020 ~0. 0037 
0. 0033 0.0249 0.00449 0. 4455 -0, 0017 0.0031 -0, 0056 
0. 0035 0.0247 0.00440 0. 4630 -0,0017 -0. 0023 -0. 0056 
-0, 0192 0.0162 0,00278 0. 0492 0, 0019 0.0014 -0, 0034 
0. 0044 0.0250 0.00456 0.4571 -0,0018 0.0031 -0, 0058 


helium as the oxidizer tank pressurization media (SIVB stage). 
essurization flow influence coefficients (SII stage). 


Independent Variables and Nominal Values 


Engine Propellant C* Fuel Tank Oxidizer Tank  Oxidizer Oxidizer Tank 


Oxidizer Utilization Correction Pressurization Pressurization Turbine Pressurization 
Inlet Control 1.00 Flowrate Helium Accessory Correction 
Pressure setting 0.99 lb/sec Flowrate Drive BHP 1, OO'¢ 
39.0 0.144 Ib/sec) 15 HP 
PSIA 
0. 0274 0. 00493 6, 9447 -0, 0025 0, 6434 - 0. 0064 -0, 3543 
~0.0023 -0.00041 1.0128 -Q0,0012 -Q, 0003 0, 0005 0. 0292 
0.0096 0.00172 -0,. 0040 -0, 0098 0.0012 -6, 0022 ~0. 1237 


0.0333 0.00600 -0. 0797 0, 0003 0, 0041 - 0. 0077 -0, 49307 
0.0237 0.00428 -0. 0758 0.0101 0.0030 -0. 0055 -0, 3091 
0.0123 0,00223 0. 3873 -0. 0024 0.0015 -0. 0029 -0, 1428 
0.0293 0,00527 0. 4808 -0. 0015 0, 0036 -0. 0068 -0, 3811 
0.0108 0.00194 0. 1690 -0, 0005 0.0013 -0. 0025 0, 1401 
0.0074 0.00281 0. 2425 -0, 0008 0, 0028 -0, 0052 -0, 3708 
0.0254 0,00458 0. 9479 -0. 0033 Q, 0032 -0. 0059 ~0, 3291 
-G.0044 ~0.00078 1.0228 ~0.0021 ~0, 0005 0. 0010 0, 0561 
0.0235 0.00424 0.5708 -0,0030 0.0029 ~0, 0055 -0, 3062 
0.0376 0.00677 0. 6186 -0, 0022 0. 0047 ~9, 0087 ~0, 4835 
0.0164 0.00296 0. 0908 0. 0008 0. 0020 -0. 0038 -0, 2319 
0.0160 0.00289 0. 0664 0.0010 0.0020 ~0. 0037 ~0. 2227 
0.0249 0.00449 0. 4458 -0. 0017 0.0031 -0. 0058 -0, 3178 
0.0247 0.00440 0. 4630 -0, 0017 ~0. 0023 -0, 0056 0.7773 
0.9162 0.00278 0, 0492 0.9011 0.0014 -0. 0034 -0, 1079 
0.9250 0.00450 0.4571 -0, 0018 0.0031 -(), 0058 -0, 3216 


zer tank pressurization media (SIVB stage). 
influence coefficients (SII stage). 


R-3825-1 Section VIII 
Paragraphs 8-20 to 8-2] 


c. Engine fuel inlet pressure: 29.5 psia, 
d. Engine oxidizer inlet pressure: 42 psia. 
e. Propellant utilization setting required for -8.0 percent mixture-ratio shift. 


8-20. Because the influence coefficients are linear, the total effects of several 
influences acting simultaneously on an engine can be determined by adding the 
individual effects of each influence. 


F. F T.-T T. T P_ P 
g-"g, Tr” Try To - Toy r-Fp 
eee 4 ae ene 
Fy Tp Tr = T9 To Pr Po 
N N N N 
Pp. .P EU - PU 
0” Po N 
ic ie F + F 
P Pp PU PU 
O O N 
N 
NOTE 


rs Te To Pi» Py: and PU are the actual En- 
gine Log Book values of engine thrust, fuel temper- 
ature, oxidizer temperature, fuel pump inlet 
pressure, oxidizer pump inlet pressure, and pro- 
pellant utilization control setting, respectively. 


eF.,T.,T, , P. , Ppz , and PU,, are the 
Ey Fy On Fy On N 
nominal values of these parameters, as listed in 


figures 8-19 and 8-20. 


er, , Fn, » Fy, ; Fp , andF are the influence 
Tr Ty Pa Py PU 

coefficients for engine thrust found in the appropriate 
columns of figures 8-19 and 8-20. 


8-21, The calculation for the example would be as follows: The percentage 
change in propellant utilization (PU) control sctting to give a specified change in 
mixture ratio is found from the equation: 


MR, - MRp PU ~ PU 
Lowes oN = eee ees | MR 
MR, Pu, PU 
N 


8=25 


Section VIII R-3825-1 


where MR py is the influence coefficient for engine mixture ratio found in the PU 
control setting column: A -8.0 percent change in MR 


E means 


N 
MR); “ sae 
Mit = 0,08 
“N 
Therefore, using coefficients of figure 8-19 
PU - PU 
NN . 20.08 = ae a i inane 
BU = MR, = 970044 = -17, 897 1789.7 percent change in 


engine PU control 
setting 
Substituting appropriate values gives: 


F,, ~ 225, 000 
WB. BEL ee 165 - 164.5 ,_ 
595.000 «= 37.18 (79-9432) + “egg (-0. 3201) 


.0 42. 0 - 39. 0 r 
30.0 (0.0035) + ee (0,0277) + (-17.897)(0. 00502) 
= -0,090736 = -9.0736 percent 
Therefore: 


F = (225, 000) (-0.090736) + 225,000 = 204, 584 pounds 


The incremental thrust change is found to be -20,416 pounds for the conditicns 
slated, yielding a final engine thrust of 204, 584 pounds, 
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8-27 


Change No. 3 - 29 November 1967 


Section VIIT R-3825-1 
Paragraphs 8-22 to 8-24B 


8-22. NONLINEAR CORRECTIONS, 


8-23, A special coniputational procedure has been devised to extend the useful- 
ness of engine influence coefficients, This technique is used to allow nonlinear 
corrections to be made for certain parameters where the linear approximation is 
not sufficiently accurate. An example of this method is the c* correction, In 
this case, a plot of c*.correction versus the change in engine mixture ratio is 
included with the table of influence coefficients. (See figure 8-25.) 


8-24, The change in engine mixture ratio is computed for the changes in propel- 
lant densities and turbopump inlet pressure, and with the assumption that the c* 
correction is zero, With this change in engine mixture ratio, the c* correction 
is read from the curve, This value of c* correction is used with the other inde- 
pendent variables to compute the changes in the remaining dependent variables. 
For example, the change in engine mixture ratio used lo effect the percent thrust 
change in the preceding example was -8.00 percent; the c* correction from figure 
8-25 is -0.075 percent. The true change in cngine thrust is therefore: 


iz) = 79.0736 - 0,075 (0.9443) 
= ~9,0736 - 0.070822 = 9.1444 percent 


Similarly, other nonlinear corrections would be applied as additional terius in the 
summation of effects in a like procedure. 


8-24A, OXIDIZER TANK PRESSURIZATION FLOW (OXYGEN) NONLINEAR 
CORRECTIONS. 


8-24B. Engine performance changes with respect to oxidizer tank pressurization 
flow are nonlinear. Therefore, a nonlinear correction technique must be used. 
This technique uses the oxidizer lank perssurization correction influence coef- 
ficent column (figures 8-19 and 8-20) together with the nonlinear correction curve 
of figure 8-21, For any given oxidizer tank pressurization flowrate, obtain a 
value for change in the oxidizer tank pressurization influence coefficients (see 
figure 8-19 for 225K engines and figure 8-20 for 230K engines) to find the effect 
on the dependent variables. For example, to find the effect on thrust (225K engine) 
of an increase in oxidizer tank pressurization from the nominal of 1.8 lb/sec to 
3.5 Ilb/sec, a pressurization correction change of 0.35 percent is read from 
figure 8-21, rhe change in thrust is them 


Percent change in thrust = 0.35 (-0.3508) = 0.123 percent 


-0, 123 (225,000) =-277 pounds 
100 


(percent change in F 


th 


Change in thrust 


Figures 8-22 through 8-24 deleted. 
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R-3825-1 Section VII 
Paragraphs 8-25 to 8-26 
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Figure 8-25, C* Correction Curve 
8-25. PROPELLANT SYSTEM PRESSURE REQUIREMENTS. 


8-26. A Summation of the effects including all known variables on engine NPSH 
for full PU excursion conditions is presented in figures 8-27 and 8-29. The 
pressure drop between the engine inlet and the pump inlet is 0. 6 psi at a flowrate 
of 84.1 lb/sec for the fuel inlet duct in the neutral position and 1.1 psi at a flow- 
rate of 460 lb/sec for the oxidizer inlet duct in the neutral position. 


Figure 8-26, (Deleted) 
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Figure 8-27. Mainstage Oxidizer NPSH Requirements 
Versus Engine Mixture Ratio 


All data on pages 8-31 and 8-32 deieted. 
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R-3825-1 Section VII 


Figure 8-28. (Deleted) 


ae EPPO Fa AAP ts PE <P NS I PE ry PY 


MIMIMUM NDS, AT 


FhMGINE aN 


NPSH oz 


ENGINE MLIXTUHE RA FiO 


—. hy 


A Se te ee rea reese a A Pm are 


Figure 8-29. Mainstage Fuel NPSH Requirements 
Versvs Engine Mixture Ratio 
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Section VIII R-3825-1 
Paragraphs 8-27 to 8-32 


8-27, PROPELLANT BLEED FLOW DURING ENGINE CONDITIONING. 


8-28. To ensure proper operation of the engine turbopunmps during the start 
transient, engine chilldown must provide turbopump inlet conditions that will 
ensure sufficient NPSH values. Chilldown is obtained by facility recirculating 
pumps which extract flow through the envine propellant bleed lines, Liquid pro- 
peWlants should be present throughout the feed system to facilitate the pumping, 
while ensuring sufficiently subcouled liquid at the turbopumps to provide the re- 
quired pre-start NPSH values. Curves of figure 8-30 outline pre-start bleed 
ilowrutes as 4 function of the pressure drop across the engine bleed system Lor 
average bleed flows, and correspondity; pressure drops for both liquid hydrogen 
and liquid oxygen. Curves of figure 8-30 may be used to control or measure the 
engine bleed system flowrate using engine pressure drops. 


8-29, SURGE AND TURBOPUMP INLET PRESSURE, The engine inlet ducting, 
turbopump inlet casing, aud turbopump mounting structure are designed to with- 
stand surge pressures of 93 psi above the nominal inlet pressure in the oxidizer 
system and 102 psi in the fuel system. Interms oi total pressure (surge plus 
nominal operating), the limitations are 132 psia for the fuel inlet system and 132 
psia for the oxidizer inlet system. itis necessary, therefore, in every specific 
application of the engine, that an evaluation of possible vehicle-ducting configura- 
tions be made in terms of elevation from engine connect point to propellant tank 
discharge and of ducting~run length and diameter. 


8-30, Rocketdyne has developed a digital computer program for analyzing water- 
hammer effects based on a solution of the one-dimensional wave equation, This 
program has had significant success in predicting pressure surging caused by 
rapid valve closure in series piping systems. The input data for this program is 
diameter, run length, wall thickness, modulus of clasticity, Poisson's ratio for 
the ducting, free acoustic veiocity, adiabatic bulk modulus, flowrate of the pro- 
peHant, and the propellant valve closing charactoristic. Any questions concerti - 
ing proposed vehicle ducting layouts, in regard to pressure surges, should be 
referred to Rocketdyne and be accompanied by the required data. 


8-31. To minimize cutoff impulse and maintain the specified close tolerances on 
culoff impulse variation, the engine employs rapid main propellant valve closures; 
this results in water~hammer pressure surges. The system surge pressures 
have been evaluated for the most rapid closures anticipated under propellant Vlow 
and pressure conditions encountered at the maximum of mixture ratio control. 


8-32. The maximum run lengths of propellant feed ducting, which generates 
surges safely below the maximum surge levels at nominal inlet pressure condi- 
tions, are 29. 0 feet for the fuel system and 6. 0 feet for the oxitlizer system at 
the engine inlet flange. The maximum run lengths are based on the use of 
7,9-inch-I)J), low-pressure, stainless-steel piping. ‘The utilization of larger 
diameter ducting will reduce the surge pressure as a result of decreasing the 
flow velocity; however, the relation is not direct. If structural requirements of 
proposed vehicles dictate run lengths greater than those mentioned, the investiga- 
tion of surge-suppressing methods is recommended. 
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Section VHI R-3825-1 
Paragraphs 8-35 to 8-38 


8-33, PROPELLANT SYSTEM PRE-VALVE DATA, 


8-34. ‘the engine was designed on the assumption that the main propellant valves 
are the only valves in the vehicle propelant feed systems, Additional feed 
system valves, called pre-valves, would only be added to fullill vehicle require- 
ments, independently of the engine. If pre-valves are added, and if their cycle of 
operation is arranged so that both the pre-valve and the engine valve could be 
Closed simultaneously, trapping liquid cryogenic propellant, the vehicle manu- 
faciurer must then provide for pressure reiief on the volume | etween the valves, 
Pressure would increase due to propellant therrnal expansion, anc fiexible duct 
contraction if the engine is gimbaled while in this condition. ‘lotal pressure 
limitation is presented in the previous paragraphs on surge and turbopump inlet 
pressure, The thermal expansion which occurs will effect an engine fuel volume 
of 1,5 cu ft and an oxidizer volume of 1,48 cu ft. Engine gimbaising at the speci- 
fied rate, with a liquid-filled duct, will require a relief capacity of 2.9 gps. The 
vehicle contractor should coordinate with Rocketdyne prior to detzrmining the 
pre-valve closing sequence. Proper sequencing cf the valves is important to 
ensure a safe engine shutdown. 


8-35, OXIDIZER TANK PRESSURIZATION SYSTEM DATA, 


8-36. The pressurant for vehicle oxidizer tank pressurization is obtained from a 
heat exchanger located in the oxidizer turbopump turbine exhaust duct. The pres- 
surant may be either engine-supplied oxygen or, on engines incorporiting MD105 
or MD194 change, vehicle-supplied helium. 


8-37. Variation of pressurization system flowrates alter the engine operating 
level, The changes in engine performance due to independently varying, the tank 
pressurization flowrates may be calculated using the information in paragraph 
8-24A, 


8-38. The four-coijl heat exchanger design provides for increased flexibility in 
vehicle tank pressurization demands. Refer to R-3825-1B for calculated perform- 
ance curves for oxyge one-coil operation and helium two-cuil operation. 


NOTE 


The customer connect pressure includes pr¢ssure 
drops through al] interconnect lines and orifices, 


® The helium loss and heat transfer were based on 
inlet conditions of 400 +30 psia and 50° (+20°, -0°R, 
except as noted, 


@ Heat exchanger data is based on component and engine 
testing; engine operating levels are based on calculated 
values, 


e The curves show the operating condition for an engine 
with maximum, null, and minimum settings of the 
propellant utilization valve. 


8-36 Change No. 7 - 4 December 1969 


R-3825-1 Section VIO 
Paragraphs 8-39 to 8-46 


8-39, To compute the vehicle tanking mixture ratlo, the tank pressurization flow 
requirements should be added to the engine propellant consumption, since engine 
mixture ratio and specific impulse do not include pressurization flowrates. 


8-40, FUEL TANK PRESSURIZATION SYSTEM DATA. 


8-41, Pressure for pressurizing the vehicle fuel tank is obtained by bleeding 
gaseous hydrogen from the engine thrust chamber fuel injection manifold. 


8-42. Variation of pressurization system flowrates alters the engine operating ' 
level, Changes in engine performance due to independently varying the tank pres- | 
surization flowrates may be calculated using the influence coefficients in figures 
8-19 and 8-20. 


8-43. Variation in fuel tank pressurant flc-wrates resulting from vehicle system 
demands and engine operating conditions produces changes in customer connection 
conditions. Refer to R-3825-1B for curves on fuel tank pressurization pressures [ 
versus flowrate and fuel tank pressurization temperature versus flowrate, 


8-44, If tank pressurization flowrates, other than the nominal specified, are 
required for a particular application, the anticipated flows should be referred to 
Rocketdyne for consideration, A recalibration of the engine may be necessary 
to accommodate the new requirements, 


8-45, ENGINE INTEGRAL HYDROGEN-HELIUM START TANK ENERGY LEVELS. 


8-46. Helium stored under pressure in the helium tank is used to supply pneu- 
matic pressure to the engine control system, Gaseous hydrogen stored under 
nressurc in the hydrogen start tank is used as the energy source for starting the 
engine. Both the helium tank and the hydrogen start tank are filled from a ground 
source. On restart-mission engines, the hydrogen start tank is refilled during 

the preceding engine operation. Refer to R-3825-1B for prelaunch conditions | 
required to provide satisfactory engine restart in flight. 


Figures 8-30A through 8-39 deleted. j 
Change No. 7 - 4 December 1969 8-37 
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Figure 8-40. Engine Helium 


Pages 8-39 through 8-50B deleted. 
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8-38 


Ty 


so 


zl ee ee SH SEAT TR R ee 
DASHED ¢ CURVE INDICATES Th | ADDITIONAL ce 

USAGE THAT CAN BE SUSTAINi,D OVER THAT 
+ OF THE CALCULATED WORSI CASE SITUATION an 
a | AND STILL EFFECT A ae ia SHUTDOWN, oe 


i Bkchmteey PRESSURE "AFTER 6-HOUR seach (4 ORBITS) fi 


a 
RESTART VALUE oH TO i MINUTE | 
(1 ORBIT ) CONDITION, —~ MINIMUM 7 | 


a Gate i Se 


a 7 7 
Witt it septhtcteytagttts ite ih 
potty te fi Mele ae - a EE ace vi 
Hen Han i a i ial ih 1A a a 
ad ae f ae a : 
bead taka badd if i 
AP See td a ; ; He 
Hog se He Hips Bs 4 Ht (fil ff se HH Be 
Atel TEES AERA REST LH THT eS dG SHAS ed re ae 
TEE a oe f. te 
pp “rity T . = ad od * - ty . Ther * 
te add Feet HA HH ace ena AGH Mei ee 
a eaaa SaELE ERE ity HAH ee am il oo ete byes bee beseaaes 
a AEH! nee HHH ‘! it H ted rie le rl # a HHT E 
rr tas thay ented Hitt pest sed Seeessaca itera tated eitas treed cites soctt eres ttees cass He a Horsf in tire 
HH tts Meet: et fags Hk Hl H an Ht a i i mace TH De BNET 
ae Sd CEE CEES EEE Hh i PATE ai Hi nh iy Le BLE RHE 
bp ated ; care 
radi 7p 
Nee TRH 
t 
oe 
He 
sei 


ul 


} . 


i ‘ il 


ee Hiiemauiictt 

sata tts i a i 
HE ce ao ae i a rate a LL — ET a — a 
elie fal a a ce ee PASO e200 i 260 Fr 30] ie ae 


eT a a a a 
ti i i - _ ! . : ie . oe a | 
ee ae uate wae ee 
Feta Lo | Tae es oF i ra ee ET 
ot an ii ya a a a Ee ae HCA ALCULATED WORST CAGE | i 
ee co ae ee HAN E ‘anagae i | 
Ae as Ho asians a 


RURIRE MUTE Thal ee ey oo AL a 
; OF one i _ i 2 lone ‘eens oo eg a a : a 
TT mmm ERE ae SF OU Ge ee ge a 


H H f inaitt 
He Hil Se ee Ea rae a Hii Hh RELT A anRna TERRA TAS 
ee 7 r i a a | LE ‘Ta3e06- 6-175" : 


R-3825-1 Section VIII 
Paragraphs 8-47 to 8-49 


8-47. Engine helium consumption which can be expected during an SV-SIVB 
restar. mission Is shown in figure 8-40, 


8-48. ENGINE CHARACTERISTICS. 


8-49, TRANSIENT CHARACTERISTICS, Maximum and minimum variations of 
the fundamental engine parameters during start, utilizing a pre-chilled thrust 
chamber, are shown in figures 8-41 through 8-45, Characteristics for both 
altitude and sea-level] conditions are represented. 
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Figure 8-41, Thrust Increase at Altitude With PU Valve in Nuil Position 
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Figure 8-41A, Thrust Increase at Altitude With Mixture Ratio Control Valve 
in 4.8 Engine Mixture Ratio Position (Mixture Ratio Control Valve 
Open on SII Stage or SIVB 200-Series Stage) 
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Figure 8-41B. Thrust Increase at Altitude With Mixture Ratio Control Valve 


in 5.0 Engine Mixtuve Ratio Position (Mixture Ratio Control Valve 


Closed on SIVB 500-Series Stage) 


Change No. 11 - 25 May 1871 


8-50E 


Section VIII R-3825-1 
Paragraphs 8-50 to 8-52 


8-50. The minimum and maximum conditions presented in the figures represent 
3 deviations due to changes in significant vaviables. The propellant utilization 
valve was considered to be locked in position for nominal bypass flow, 


t 1. Propellant consumption during start may be determined from figures 8-42 
and 8-43, 


8-52. In-Test Mixture Ratio and Fuel Pump Speed Trends. In-test mixture ratio 
data and fuel purnp speed characteristics are shown in figures 8-46 and 8-47. ‘The 
repeatability bands represent maximum data scatter bands at the slice times, 
Studied with a best-fit line constructed between slices. 
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Figure 8-42. Fuel Flowrate Increase (Engines J-2025 Through .J-2059) 
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R-3825-1 Section VIII 
Paragraph 8-53 
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Figure 8-43, Oxidizer Flowrate Increase (Engines J-2025 Through J -2059) 


8-53, CUTOFF IMPULSE. Thrust decrease, measured trom engine culoff sipnal 
to 5 percent of rated thrust, is shown in figures 8-48 through 8-51. A summary 
of cutoff impulse characteris.iics is presented in figure 8-52. Means, run-to-run 
standard deviations, and overall standard deviations are tabulated for cutoff im- 
pulse; means and overal standard deviations are tabulated for the time for thrust 
to reach § percent of its rated value, Cutoff impulse values in figure 6-52 are 
from cutoff signal to 5 percent of rated thrust, To obtain the impulse to zero 
thrust, add 6,400 pound-seconds to these values, Notable changes responsible 
for cutoff impulse variations are as follows: 


(pressure-actuated shutoff) valve 557817 installed as a spare, this valve resulted 


a. On engines incorporating MD154 change or engines that have fast-shutdown | 
in a faster cutoff and caused cutoff impulse to decrease, 


Change No. 4-10 July 1968 8-50G/8-50H 


R-3825- 1 Section VIII 
Paragraphs 8-53A to 8-53B 


b. At engine J-2060, the change to nominal calibration point of 230,000 pounds 
thrust raised cutoff impulse. 


c. On engines incorporating MD211 or MD319 change, addition of filters to the i 
fast-shutdown valve slowed cutoff and caused cutoff impulse to increase. 


8-53A. DETERMINATION OF CUTOFF IMPULSE USING THRUST CHAMBER 
PRESSURE MEASUREMENT. The thrust chamber pressure measurement can be 
used to determine thrust during the cutoff transient when a correction for the re- 
sponse of the transducer is included, The correction is obtained by means of the 
relationship between the ratios of the thrust chamber pressure at any time after 
cutoff signal, to the thrust chamber pressure value at cutoff signal and the vacuum 
thrust value at any time after cutoff signal, to the thrust value at cutoff signal, 
(See figure 8-53.) The vacuum thrust at the cutoff signal is calculated py using 
the steady-state data reduction program, The ratio of thrust chamber pressure to 
the value at cutoff signal is determined using the measured chamber pressure, 
The thrust any time after cutoff is determined by using figure 8-53, For testing 
under sea-level conditions, the impulse to 5 percent of rated thrust is calculated 
by integration of thrust values from cutoff signal to 5 percent of rated thrust; 
6,400 pound-seconds are added to obtain the impulse to “*’ro thrust. For flight 
and testing under vacuum conditions, the impulse to ze. . .hrust is calculated 
directly by integration of thrust values starting at the time of the cutoff signal. 


8-53B, For comparison to cutoff impulse, the actua) impulse must be standard- 
ized, The standard conditions are; null propellant utilization valve position; main 
oxidizer valve actuator temperature of 0° F; and standard inlet conditions, pres~ 
surization, flowrates, and auxiliary power extraction, The equation for standard- 
ization is: 


F 
= 4 1) =. “AN 
I tandard ~ ‘actual _standard I 
actual 
where 
I = actual cutoff impulse in pound-seconds 
actual 
l vandava = cutoff impulse in pound-seconds, at null propellant 


utilization valve position and standard conditions 


AI = delta cutoff impulse (from figure 8-54) in pound-seconds, 
at actual main oxidizer valve aciuator temperature 


Fetal cutoff thrust in pounds, at actual conditions 


= cutoff thrust in pounds, at null propellant utilization 
valve position and standard conditions 


Change No. 6 - 18 June 1969 8-51 
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Section VIII 


R-3825-1 


Paragraphs 8~-53C to 8-54 


8-53C. Flight Prediction of Cutoff Impulse. The predicted cutoff impulse for a 
flight is determined using the following equation: 


Tctual 


(I 


F actual 
standard / 


AI) 


standard “ 


The symbols are the same as defined in paragraph 8-53B. 


Example: 


F standard 


Ectuat . 


L eat = 40,500 pound-secunds Cutoff impulse tu zero thrust, 


obtained from engine accept- 
ance tests 


= 205,000 pounds Thrust at null propellant 
utilization valve position and 
standard altitude conditions, 
obtained from engine accept- 
ance tests 


180, 000 pounds Cutoff thrust predicted for 
flight 


AI = 7,000 pound-seconds For tain oxidizer valve 


Therefore: 


A etal 


actuator temperature of 
~150° F at cutoff, (predicted 
for flight) 


180, 000 
(40,500 + 7, 000) ( og ot) 


41, 700 pound-seconds 


8-54, CUTOFF PROPELLANT CONSUMPTION. During the transient period 
from engine cutoff signal at null PU to zero thrust, the engine consumes maximum 
of approximately nine gallons of oxidizer and 55 gallons of fuel, This information 
should be used to avoid a propellant depletion condition during engine cutoff. 


8-52 Change No. 4 - 10 July 1968 
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Figure 8-45. Oxidizer Turbopump Speed Increase (Engines J-2025 Tnrough J -2059) 
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Figure 8-46. In-Test Engine Mixture Ratio Repeatability 
Change No, 7-4 December 1969 6-53 


Sealine 


Section VII R-3825-1 


nn Ae Ef a thn ere IE RA Ne I RR TINE LAY 
ENGHIES J-2025 THROUGH J-2059 
ne a ee eee 


[ AVERAGE TREND - | 


wocemen | me tee fea $a ——-f aaa | 


IV RPM iz 
ba 
| | 
t 
j 


<< a WOU ANY 


< a 
a i sa coae ea Oa 


CHANGE IN ALTITUDE FUEL PUMP SPEED 


TIME FHOM STOY SIGNAL, SECONDS 


ENGINES J1-206¢ AND SUBSEQUENT 


pry ye No Fae ete 


Baw ao 


{ AVERAGE TREND sl 
H i 


309 NWS SH N ‘. ~~ 
y SN 

a Lee \\\ 

Q . 

é 1c any AER re eee ms SS ea eae peer 

2 MAXIMUM DATA SCATTER BANDS pas 

0 ay aie eens ae seiees 

be 

fs 

& ~100 }--~—- - d 5 at a fsa een eeeeeers er een ne Mnreoee 5 Sieciesgeat 

S 

a 

4 -200 ov ae ees = eee SaaS eee 

a 

% 

2-300 * S ronan anne | meena mets b emterenrns vere aa a : is eee nes | cette 
~ 400 


. na he 2aeS oe ANA : 
f f, 4 $00 
EF G ECoupS 
TIME FROM STDY SIGNAL, SECO rsen-c.s4 
ER, TET a EAS smn aicnae aes NR catia IT St Se ST Sy TiO Nik A 


Figure &-47, In-Test Fue: Pump Speed Repeatability 
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Figure 8-50. Thrust Decrease (Engines J-2060 Through J -2071 and J -2074 
Through J-2082) Fast-Shutdown Valve 557817 (MD154 Change) 
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Figure 8-51, Thrust Decrease (Engines J-2072, J-2073, and J-2083 and 
Subsequent) Fast-Shutdown Valve 558127 (MD211 Change) 
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R961 AIM’ OL - p °ON adueYyD 


=f 


LG 


Mean 


Siandard 
deviation 
(overall) 


Standard 
deviation 
(run-to-run) 


Pressure- 
activated 
(fast-shut- 
down valve 
en engine 
during 

engine ac- 
ceptance test. 


lf fast-shut- 
down valve 

is replaced, 
Engine Log- 
book cutoff 
impulse value 
should be 
corrected by: 


556970 (MD19 change) 


Engines J-2012 


Engines J-2048 


Engines J-2060 thru 


thru J-2047 thru J-2059 J-2071 and J-2074 
thru J-2082 

Time to Cutose") Time to Time to Cutote) 
5% Thrust |! Impulse 5% Thrust} impulse 5% Thrust | Impulse 
(seconds) | lb-sec {seconds) (seconds) lb-sec 
0,340 35, 700 0.330 32, 200 0.350 32, 900 
0.030 2, 900 0.042 1, 150 0.034 1, 340 
1, 330 880 970 


557817 (MD154 change) 
or 556936 
(MD149 change) 


(557817) -3500 
replaced 


by MDi54 


(558127) 
replaced 
by MD211 


-2300 +1200 


Engines J-2072, 


J-2073, J-2083, and 


Subsequent 
Timeto | Cutoft 
5% Thrust | Impulse 
(seconds) lb-sec 

0.340 34, 100 
0.030 1, 300 
760 


558127 (MD211 change) 


-1200 


(a) Cutoff values are based on a main oxidizer valve temperature of J°F, with propellant utilization valve in 


nul! position, and are defined from cutoff signal to 5% of rated thrust. 
add 6,400 lb-sec to these values. 


Figure 8-52. Summary of Cutoff Impulse Characteristics 


To obtain impulse to zero thrust, [ 
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RATIO OF CHAMBER PRESSURE TO VALUE AT CUTOFF SIGNAL 
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Figure 8-53, Fmpirical Curve for Calculating Thrust 
Using Chamber Pressure During Cutoff Transient 
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Figure 8-5. Effect of Main Oxidizer Valve Temperature on Cutoff Impulse 
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Section VII R-3825-1 
Paragraphs 8-55 to 8-58 


8-55. TURBOPUMP SPEED DECAY AT CUTOFF. The estimated turbopump 
speed decay from cutoff signal is based on ‘he assumption that liquid propellants 
are present within the pumps. Estimated decay time from the nominal steady - 
state operation to zero rpm is ten seconds for fuel and four seconds for oxidizer. 


8-56. EFFECTS OF ACCESSORY DRIVE. The accessory drive pad is structur- 
ally designed for 30 horsepower extraction at mainstage speed. The engine per- 
formance balance is based on the extraction of 15 horsepower. The 15- 
horsepower value was selected based upon the nominal power required to gimbal 
the engine at model specification limits. Variations in this power and the result - 
ing variations in other performance figures may be calculated using the influence 
coefficients in figures 8-19 and 8-20. Engine performance may be balanced for 
any desired accessory power extraction (30 horsepower, maximum) if so 
dictated by vehicle requi.ements. 


8-57, ENGINE THRUST RESULTING FROM RESTART FUEL CHILLDOWN. 


8-58. The estimated maximum fuel flow is approximately four pounds per second 
of liquid hydrogen at the end of the engine restart chilldown phase. This fuel flow 
is calculated from the pressure drop between the main fuel tank and the thrust 
chamber, less hydraulic resistance. This fuel flow will cauge 2 maximum cham- 
ber pressure of approximately 2.7 psi with a corresponding thrust of 680 pounds. 
The initial flow and corresponding chamber pressure and thrust will be negligible, 
Since the liquid hydrogen will gasify in the lines, but will increase to the 
approximate maximum values given above prior to completion of the chilldown 
phase, Similar calculations for the augmented spark igniter indicate a thrust of 
approximately nine pounds. The values noted above were based on the following 
assumptions: chamber temperature is at 200° F, thrust coefficient equals 1.5, 
hydrogen entering the chamber is all gas, and the chamber flows full «t the indi- 
cated chamber pressure. 
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Paragraphs 9-1 to 9-9 


SECTION IX 


MASS PROPERTIES AND DESIUN LOAD CRITERIA 


TABLE OF CONTENTS 


PARAGRAPH PAGE 
9-2 MASS PROPERTIES .....++. piewetene: Oat 


9-6 DESIGN LOAD CRITERIA wo. .cceeeneeae OH] 
9-8 Propellant Inlet Duct and Gimbal 
Bearing Interface ....e.ccaee rrr | 


9-17 List of Notienclature wecsesaceanves 9-9 
G20 Sample Problem ....eceecccensacares VH9 
9-28 Propellant Inlet Duct and Gimhal 

Bearing Tolerances and Deflections. 9-18 
9-30 Gimbal Rearing Cucfficient of 

Friction and Friction Moment 

Fquations ceccsvessccccavencercstes Jnl8 
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9~36 Gimbaling Limitations .o.cccseeeees RBS 
9-37 Thrust Alinement ....-e.a0. vesesees 9-26 
9~39 Electrical and Fluid Customer 

Connection Loads ..cccccestsceesaes 9-26 


Underlined titles denote primary paragraphs. 


9-1, SCOPE. This section contains engine 
weight, gimbaled mass, center of gravity, and 
moment of inertia data for the J-2 engine, In- 
formation for determining maximum permis- 
sible loads at the engine-to-vehicle interface is 
also presented, 


9-2, MASS PROPERTIES, 


9-3, The engine weight, gimbaled mass, center 
of gravity, and moment of inertia data for the 
basic engine and accessories are shown in 
figures 9--1 through 9-4. Separate tables are 
provided to differentiate the various flight con- 
figurations and the static test configuration. 
Thase figures represent mnaximui values as 
limited by the engine model specification. For 
additional data, refer to the current J-2 
Program Quarterly Progress Report &-7800. 
The shipping weight and center of gravity are 
shown in figure 9-5, 


9-4, On 225K engines, the fuel turbopump polar 
moment of inertia 1s 2.86 lb/in/aec2 (rotating 
hardware plus fluid) and the oxidizer turbopump 


PARAGRAPH PAGE 
9-41 Heat Shield Attachment ...e.ceeeuas + G26 
9~43 Actuator Attach Points ws... eeaeee © 9~26 
9-45 Gimbal Actuator LoAds wissesreeeecen QH33 
9-47 Operational and Gimbaling Loads 1... §=33 
GohB Movement cacccsscsccvenncancas beens JH33 
9-49 Acceleration and Velocity wiecsccres 9~3h 
9-50 Flight Load Limits ........ ee eventee DF 
9-51 Gimbaling and Vehicle Loads ........ Q-34 
9-52 Inlet Duct Loads at Gimbal 
Canter sccaceesrreccer vearas taco eee 9-34 

9~54 Inleu Duct Spring Rates ....+.000: ve O40 
9-58 Sample Problem ...ss.eeuee vecaceetes Gail) 
9-61 Hydraulic Syatem Installation ...+-. 9-42 
9-62 Acceasory Drive Pad ..eeeceenens cece OD 
9-66 Qui 11 Shaft beeen seat See bvueunoes so 9-42 
9-67 Hydraulic Bracket Loads seescessscae Qo? 


polar moment of inertia is 4.36 Ib/in/sec* (ro- 
tating hardware plus fluid). On 230K engines, 
the fuel turbopump polar moment of inertia is 
3.10 Ib/in/sec? (rotating hardware plus fluid) 
and the oxidizer turbopump polar moment of in- 
ertia is 4.59 Ih/in/sec? (rotating hardware plus 
fluid). 


9-5, A reference cuordinate axis diagram is 
shown in figure 9-6. 


9-6. DESIGN LOAD CRITERIA, 

9-7. The following paragraphs present the in- 
formation necessary to determine maximum 
permissible loads at the enpine-to-vehicle inter- 
faces, 


9-8. PROPELLANT INLET DUCT AND GIMBAL 
BEARING INTERFACE. 


9-9. Permissible resultant loads at the gimbal 
and inlet line interfaces are presented in In- 
fluence coefficient form so that compatible loads 
for any particular set of variables can be easily 
calculated. 
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Moment of 
Center of Gravity Axis Origin of Axes Inertia 
(Inches) System (Inches) (Slug-ft2) 

Description X¥ 7 ZF | Ortentaticn vA Iz 

\ 
Rocket Engine’ -O.1 ] +1.2 Engine 432.3 /-O.1 | +1.2 | 410 906 | 864 
and Acces- 
sories (dry) 
Rocket Engine +0.1 | +0.9 Engine 431.9 140.1 | +0.9 | 418 919 | S75 
and Acces- 
sorties (burn- 
out) 
Rocket Engine 40.1] 41.0 Engine +31.9|+0.1 |] +1.0 | 421 930 | 887 
and Acces- 
sories (wet) _ 
Rocket Engine 40.8 | +0.9 Gimbal +#32,39140,8 | 40.9 | 410 884 | 887 
and Acces- 
sories (dry) 
Rocket Engine +0.7 | -0.6]| Gimbal #31.9/4+0.7] +0.6 | 418 897 | 896 
and Acces- 
sories (burn- 
out) 
Rocket Engine 10.7 | 40.6] Gimbal +31.9]40.7 | +0.6 | 421 908 | 909 


and Acces- 
series (wet) 


NOTE: Data does not include customer-furnished equipment, but includes 68 pounds 
of insulation, 


Figure 9-1. Weight, Center of Gravity, and Moment of Inertia (Flight Condition) 
, SI Stage Inboard Configuration + 
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Description 


Rocket Engine 
and Acces- 
sories (dry) 


Rocket Engine 
and Acces- 
sories (burn- 
out) 


+0.1 


Rocket Engine 
and Acces- 
sories (wet) 


+0,1 


Rocket Engine 
and Acces- 
sories (dry) 


40,7 


Rocket Engine +1.1 
and Acces- 
series (hurn- 


out) 


Rocket Engine 
and Acces- 
sories (wet) 


41.1 


Gimbaled 
Mass (dry) 


+0.6 


Gimbaled 
Mass (wet) 


40.8 


Gimbaled 431.3 


Mass (dry) 


3,356 


40,9 


Gimbaled 
Mass (wet) 


3,487 )+31.2 | +0.8 


Center of Gravity 
(Inches) 


+1.0 


+1.5 


+1.4 


40.7 


+1.0 


+1.0 


+07 


+13 


0.0 


R-3825-1 


Axis 


System 


Ez Orientation 


Engine 


Engine 


Engine 


Gimbal 


Gimbal 


Gimbal 


Engine 


Engine 


Gimbal 


Gimbal 


Section [X 


Moment of 
Inertia 


Origin of Axes 
(Slug-ft2) 


(Inches) 


NOTE: ~ Data does not include customer-furnished equipment, but includes 92 pounds 


of insulation, 


Figure 9-2, 


Weight, Center of Gravity, and Moment of Inertla (FHght Condition) 


SO Stage Outboard Configuration 


+29.9]-O0.1 | +1.0 | 437 986 925 
+29.1] 40.4 ) 41.5 | 452 | 1,018 942 
429.1]/+40.1 | +1.4 | 452 | 1,018 942 
+29.9|)40.7 | 40.7 | 437 952 959 
| 

429.1) 41.1 |] 41.0 | 452 974 986 
429,12 ]+1.1 | 41.0 | 452 974 986 
0.0} 6.0 0.0 ; 398 | 1,574 |1,521 
0.0] 0.0 0.0 | 432 | 1.642 |1,578 
0.0] 0.0] 0.0 | 398 | 1,541 41,554 
0.0] 0.0 0.0 | 432 | 1,600 |1,620 
Change No, 9 - $ June 1970 9~3 
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of insulation. 


es 


Figure 9-3, Welght, Center of Gravity, and Moment of Inertia (Flight Condition) 


SIVB Stage Configuration 


Change No. 9 ~ 9 June 1870 


Moment of 
Ceuter of Gravity Origin of Axes Inertia 
nee (Inches) am (Inches) (Slug-ft2) 
Rocket Engine Engine 428 968 905 
and Acces- 
sories (dry) 
Rocket Engine Engine 443 998 922 
and Acces- 
eories (burn- 
out) 
Rocket Engine Engine 446 | 1,009 932 
and Acces- 
sories (wet) 
Rocket Engine Gimbal 428 933 940 
and Acces- 
sories (dry) 
Rocket Engine Gimbal 443 964 966 
and Acces- 
sories (burn- 
out) 
Rocket Engine Gimbal 446 964 976 
and Acces- 
sorles (wet) 
Gimbaled 3,308 | +31.2/+0.5 | +0.9 | Engine 389 | 1,542 | 1,487 
Mass (dry) 
Gimbaled 3,469 | +30.3/+0.6 | +1.4 |] Engine 0.0] 0.0 0.0 | 408 | 1,576 11,505 
Mass (wet) 
Gimbaled 3,308 | +31,2/4+1.0] 40.3 | Gimbal 0.0] 0.0 0,0 |] 389 | 1,508 |1,521 
Mass (dry) 
Gimbaled 3,469 | 430.3] 41.4) +0.5 | Gimbal 0,0) 0.0 0.0 |; 408] 1,531 |1,550 
Mass (wet) 
NOTE: Data does not Include customer-furnished equipment, but includes 44 pounds 


R-3d¢25-1 Section IX 


Moment of 
Origin of Axes Inertia 


Center of Gravity 
(Inches) (Slug-ft2) 


f Axis 
— (In hee) — System 
Description one Orientation 


Rocket Engine Engine . ‘ i, 312 
and Acces- 
sories (dry) 
Rocket Engine Engine 1,358 


and Acces- 
sories (burn- 
out) 


Rocket Engine 22] +0. : Engine ‘. 1,369 


and Acces- 
sorios (wet) 


Rocket Engine Gimbal ‘ : 1,281 
and Acces- 
sories (dry) 


Rocket Engine ‘ -2| Gimbal : 1,319 
and Acces- 
sories (burn- 
out) 


Rocket Engine ‘i . : Gimbal 7 1,329 
and Acces- 
sories (wet) 


Gimbaled 7 +0, Engine 2,268 
Mass (dry) 


Gimbaled . . , Engine ‘ i 2,313 

Mass (wet) 

Gimbaled , : at Gimbal : . 2,235 | 2,248 
Mass (dry) 


Gimbaled .O] +2. . Gimbal : 2,272 | 2,290 
lass (wet) 


(a) Test equipment includes side-load stabilizer, T-ring stiffener, release couplings, 
water-cooled diffuser, and static-stage-test instrumentation. 


NOTE: Data does not include customer-furnished equipment or thermal] insulation. 


Figure 9-4, Weight, Center of Gravity, and Moment of Inertia (Sea-Level Test Condition) 
SH Stage Outboard or SIVB Stage Configuration 
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~™~"Center of Gravity 


(Inches) 


Description 


(1) Rocket Engine and Accessories, 230K, 
(dry) 


{2) Thrust Chamber Exit Closure 

(3) Desiccant, T/C (128 units) 

(4) Thrust Chamber Covers (4) 

(5) Miscellanious Supnorts and Covers 
(6) Static-Stage Insti umentation +40 


Total (1 through 6) (3, 786) 


LAE NT A er —— 


Figure 9-5. Weight and Center of Gravity (Engine With Shipping Closures Installed) 


GIMDAL 
CENTERLINE 


FUEL PUMP 


OXTIZER PUMP 


GIMBAL FORWARD 
MOUNTING FACE 


PLANE OF 
XZ AXIS — 


GIMBAL AXES = Xo a 
ENGINE AXES » Y, X, 2 


42 1 73 


SS A TE A a 


Figure 9-6. Coordinaie Axis Diagram 
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Particular Values for Inlet Variables 


R- 3825-3 


Fy hype Type Tye Tey Sys ane Cp 


for Each Engine Gimbal Position 


P, = 
> = 
Pp 
TQ; MAX 16,600 + HE + |[F 
TQ, wn = 716,600 + E - | F 
TQ, 7 MAX = 16,700 + EF + I|F 
TQ) oN 7 -16,500 + KH - I |F 
TQ, MAX 7 15,600 + E + I[G 
TQ, MIN -13,900 + E IG 
Teer MAX = 17,200 + E + IG 
TR oy MIN = ~15,600 + E |G 
Engine : 
Cimbal m E 
Fosition (in-1b) {in-1) 

1 0 0 

2 9) 4586 

3 -2760 2280 

4 9 U) 

5 +2780 ~2280 

6 0 -4580 

q ~2760 ~2280 

8 8) 0 

+2760 2280 
Figure 9-8, 
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0 
- 5070 
~2540 

0 
4540 
5070 
2.540 

0 
-2540 


Values for Inlet Variables 


in-lb 


in-lb 


in-lb 


in-]b 


in-Jb 


in-Jb 


in-lb 


in-lh 


Tn Tee Sie re 
cr 


L [(Maxtmum operating plus surge pressure) 44,0 pst | (limit load factor) 


{ (Maximum operating plus surge pressure) 4,0 pat | (limit load factor) 


2) 
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9-10. Special information is provided for non- 
gimbaled engines where the vehicle ducts are 
mounted directly to the turbopump inlet flanges, 


9-11, The influence coefficients of the nine 
gimbal positions for the maximum gimbal angles 
are given in figure 9-7, Two seis of influence 
coefficients for the inlet line variables arc tabu-- 
lated because of the large variation in their re- 
sultant loads from different combinations of 
misalinement. The Case I coefficients are pre- 
sented so that the largest loads at the inlet line 
interfaces, wilh compatible loads at the gimbal, 
can be calculated. The Case II coefficients are 
presented so that the largest loads at the gimbal 
interlace, with compatible loads at the inlet line 
interfaces, can be calculated, The magnitudes 
of the inlet variables for the nine gimbal posi- 
tions are provided in figure 9-8. 


9-12. ‘The coefficients are calculated using a 
limit coefficient of friction 4 equal to 0. 16 for 
the gimbal bearing surfaces. This same set of 
unfluence coefficients can be used with other 
values off, such as zy, by modifying the KFy 
and My variables to 1 
y . —- < 

6 KEN and It M,. 

NOTE 


MAX = .12, using a 1,3 limit load 
factor yields Nmitw= 1.3 (.12) = .16,. 


9-13. The influence cocfficients in figure 9-7 
are expressed as a decimal number followed by 
the sign and magnitude of the exponential power 
of ten to which this number must be raised. For 
example, an influence coefficient with a value of 
285.6 would be equel to 2.856 x 102 and bo ex- 
pressed in these tables as 2,856+2. Similarly, 
a value of 0.0026 would be expressedas 2. 600-3. 


9-14. It should be noted that My, the moment 

on the vehicle Y axis at the miniba mating sur- 
face, is used as a final variable for calculating 
the perturbation on the Mx and Mz loads due to 
the friction moment resulting from the torsion 

load. 


9-15. The resultant loads at the gimbal-to- 
vehicle interface that are calculated from these 
influence coefficients consider only the effects 

of the variables Hsted in figure 9-8, The ad- 
ditional resultant Joads at the gimial-to-vehicle 
interface from the heat shield, the interface con- 
nection system, the aerodynamic moments, 
and/or any other additional loads must te han- 
died separately as a perturbation on this 
analysis. 
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9-16. A sample problem igs included te demon- 
strate the use of the influence coefficients. The 
Mx and My flight loads at the gimbal and inlet 
line intot faces for «imbal Position 2 are caleu- 
lated for the largest loads on the gimbal; this 
implies thiul Case IE of the inlet line influence 
coefficients must be used. 


9-17. LIST OF NOMENCLATURE, Figure 9-9 
lists the nomenclature used in the sample prob- 
lem, 


NOTE 


See figure 9-8 for the particular 
values of the inlet line variables at 
each gimbal position, 


9-18. The effective pressures of the lines Pj, 
and Pp include the actual line pressures plus an 
effective pressure, 44 psi, that accounts for the 
axjal force on the turbopump and vehicle neces- 
sary to overcome the friction lcad when the line 
is extended or compressed, 


9-19, The values of KE, F, and G are dependent 
on gimbal position and are labulated in figure 
9-8. The first term of each equation is depend- 
ent on various load deflections of the engine and 
vehicle twisting the line. The second term, E, 
accounts for the twisting of the engine with re- 
snect to the vehicle from pimbaling. The last 
term, an absolute magnitude quantity, is the 
torsional load necessary to overcome the fric- 
tional moment which is caused by the axial de- 
flection load, G and F terins, and the pressuri- 
zation load, Py, and Pg terms, carried in the 
center-ring section that houses the torsion 
bellows. A 1.3 limit load factor (figure 9-11) 
has been included in the listed valucs for the 
yarious torques. 


9-20, SAMPLE PROBLEM. The sample prob- 
lem may not use current influence coefficients 
or particular values for inlet variables since 
these values are updated when design changes 
dictate; however, the procedure remains un- 
changed, To illustrate the use of influence 
coefficients, the maximum My and its compatible 
value of Mx for gimbal Positfon 2 are calculated 
for flight-loading conditions, The input variables 
are: 


a. Maximum actuator force = 42,000 1b, 
4. Maximum lateral acceleration = 1.0 G, 


c. Maximum longitudinal acceleration com- 
patible with 1,0 G lateral = 2.5 G, 


d. Maximum thrust (5,50 mixture ratio} = 
230,000 ih. 
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The force applied to the engine [rom Actuator 1, Tension 
{n the actuator is a positive force, 
The force appled to the engine from Actuator 2. ‘Tenalon 


in the actuator {8 a positive force, 


The projection of the vehicle lateral acceleration on the 
XY plane of the vehicle. The positive direction is shown 
in figure 9-10. 


The projection of the vehicle lateral acceleration on the 
YZ plane of the vehicle, The positive direction !s shown 
in figure 9-10. 


The angle between the lateral acceleration of the vehicle 
and the vehicle XY plane (figure 9-10). At@= 0, Atay 
is in this XY plane in the direction of the positive X axis. 
Positive 9 1s a clockwise rotation locking forward along 
the vehicle Y axis. 


The vehicle longitudinalacceleration, parallel to the 
vehicle Y axi3, The positive direction 1s shown la 
figure 9-10. 


The approximate resultant force on the gimbal due toa 
Bpecific set of Joads on the engine is given by 

Fn = T+ Fi1A + Foa. KF i8 usea to calculate the 
frictlon moment of the engine gimbal due to resultant 
forces across it. Since the friction inoment cau add to 
or subtract from the applied leads on the gimbal, the 
product of the coefficients times KFy can have two sets 
of values. Compatible signs for one set of coefficients 
are listed as part of the cnefficlents. The other com- 
patible set of values is obtained by use of the opposite 
Sign for eachterm, The choice of which set to use is 
dependent on the desired effect on the gimbal. 


A conetant dependent on the peometry of the gimbal, 

K = 1.0 for flight load conditions or any load conditions 
when Fy is positive. K = 0.518 for dry gimbaling condi- 
tions or any load condition whe Fy is negative. 


The engine thrust, T, is positive as shown in figure 
9-10, ‘The thrust times this set of coefficients calcu- 
lates the effect of the thrust offset or misalinement, 
A, of the engine on the gimbal loads, Since the effect 
of the misalinement can add to or subtract from the 
applied loads on the gimbal, these coefficlents have 
two sets of values and are treated similarly to the 

K Fy coofficient, 


ist of Nomenclature (Sheet 1 of 3) 


(lb) 


(Ib) 


(in-Ib) 


(in-lb) 


(psi) 


(1 sn) 
Vbyin 
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The engine thrust, T, is positive as shown in figure 9-10. 
The thrust times this set of coefficients calculates the 
effect of the angular misalinement, 9, of the engine. 
Since the effect of the misalinement can add to or subtract 
from the applied loads on the gimbal, these coefficients 
have two sets of values and are treated similarly to the 
KF'y coefficient, 


The engine thrust, T, is positive as shown in figure 9-10. 
The thrust times this set of coefficients calculates the 
thrust loads on the vehicle. The coefficients for various 
positions include the effects of the sine or cosine of the 
gimbal angle, 


The torsion load from the oxidizer inlet line on the 
engine, 


The torsion load from the oxidizer inlet line to the 
oxidizer inlet line interface. 


The effective pressure in the oxidizer inlet linc. It in- 
cludes the pressure in the line plus an additional pressure 
that accounts for the axial force on the turbopump and 
vehicle necessary to overcome the fri-tion load from 
axial movement of the line, 


A constant dependent on the oxidizer inlet line spring 
rate. 


(in- 1b) The torsion load from the fuel inlet lie on the engine, 

(in~Ib) The torsion load from the fuel inlet Jine on the inlet line 
interface. 

(psi) The effeclive pressure in the fuel inlet line. KH includes 


Th/in, 
Ih7in 


(in-}b) 


the pressure in the line plus an additional pressure that 
accounts for the axial force on the turbopump and vehicle 
necessary to overcome the friction load from axial 
movement of the line. 


A constant dependent 01 the fuel inlet line spring rate. 


The tosion load on the inlet lines caused by twisting 
the engine with respect to the vehicle when gimnaling. 


pp Yn PAR 
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Figure 9-9, Liat of Nomenclature (Sheet 2 of 3} 
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F,G (in-1b) The frictional torsion load on the inlet lines caused by 
the axial deflection of the Ilnes, 


Fy F , Ky (1b) The resultant applied forces and moments on the vehicle 
y at the gimbal and inlet line interfaces in a vehicle 
coorclinate system that is parallel to the engine coordin- 
M,, My» M, (in-1b) ate system when the engine has a zero-degree gimbal 
angle. 
ht Tb Coefficient of friction, 
ib 
NOTE 
Do not use Case I or Case U influence coefficients simultaneously. 
Case J This set of influence coefficients ts used to obtain the 
Influenee largest loads at the inJet line load point with compatible 
Coefficients loads at the gimbal interface, 
Case H This set of influence coefficients is used to obtain the 
Influence largest loads at the gimbal interface with compatible 
Coefficients loads ai the inlet line load point. 
Gimbal Interface The plane between the gimbal and the vehicle structure 
if the shear keys are ignored. 
Oxidizer Inlet The plane between the oxidizer inlet line flange and 
Line Interface the vehicle seal and fiange, 
Fuel inlet Line The plane between the fuel inlet line flange and the 
Interface vehicle seal and flange. 
Inlet Line A point on the inlet duct centerline 2 inches from the 
Load Point inlet line interface on the engine side of the inlet Ine 


interfuce, 
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Figure 9-106. Nomenclature for Toads 


Section 1X 


ALAT 


72 1 83 


Ot 


Change No. 9 - 9 June 1970 9-13 


Section IX 
Paragraph 9-21 


Limit Load Factors 


—_— 


Design l.oads 
Fluid Pressure 1.2 (maximum op- 
erating pressure 
plus surge 
pressure) 


1.05 (using maximum 
thrust) 


Engine Thrust 


Acceleration 1.0 (engine forward 


acceleration) 


1,0 (engine lateral 
acceleration) 


1.1 (using maximum 
actuator loads) 


Actuator Loads 


1.3 (using calculated 
loads) 


Duct Misalinements 


Figure 9-11, Limit Load Factors 
Used jn Load Calculations 


9-21. The addi.ional information nececsary to 
obtain the inlet line loads is listed in figure 9-8. 
The limit loads for the variables are cornputed 
from the limit load factors Hstet in figure $-11. 


in general, limit load = (limit Joad factor) (masi- 
mum of specified load). Using the 1,1 Hmit 
load factor for actuator ‘oaus, the two actuator 
limit loads are: 


PUA = (1.1) (¢ 42,000 Ib) = + 46,200 Ib 
Fo, = (1.2) (4 42,000 3b) = + 46,200 Ib 
To determine Ay ,pCO8 and ArA pain #, the 


angle @ must be determined. ‘The specific angle 
will be the value that macxdmizes the surn of the 
Ay arpol 9 and Ay apCO8S $ icrms for the load 


parameter being muximized, My: 


WTPEURS t= ts 
In general, load = ...4, +Ay COS g Diy! 
Ay ampSIN Big eeeey Where Dig and Dig 2.7e 
the appropriate cvefficients. 


Per er eee .¢ (load) 
TT) madimize the angle §, set a | aa 0 


Uload) wie pee s 
“aT = “Ay ApSiN ] Dig + Ay aipoO8 gf Diy 0 
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Solving for 9, 


TANG = “varia 
Avaris 


Dig 
g = ARC TAN D3 


For the specific case of maximizing the My load, 


Dd, 


54. 
g = ARC TAN ih where: 
iat 
53 
Dey = influence coefficient for the M 
load component from Ay Apel g 
Dag = influence coefficient for the a 
load componen, from Ay yp oO8 a 


from the influence coefficients fer gimbal 


Position 2, M, load, 
Des = 3,23612 
Dig = 1, 53243 
e Ne 1932. _ ape: 
G = ARC TAN 303.6 ARC VvAN 4,737 
g = 78.10° 


Hence, using the above information and a 1,0 
limit load-factor, 
SIN 8 = (1,0)f1,0 G) (0.9781) 
= 0.9784 G 
Ay apes 8 = (1,0)(4.0 G)(0,2065) 
= 0,2067 G 


Again, usinga 1.0 hmit-load factor onaccelera- 
tion, the limit longitudinal acceleration betom-s' 


= 1,0(2.5G) «2.56 


ALAT 


ALONG 


Using a 1,05 limit-load factor on the maximum 
thrust yields, 


T = 1,95 (230,000 Ib) = 241,500 th 


In order to calculate a Ba comparable with the 
maximizauon of Ms the values for Pia and 
Po, used in caiculating tais maximum My inst 


be used, 
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From the influence coefficients for Position 2, 
MI load, the sign of the coefficients for Fra 


and Fo 4 are (-) and (+), respectively. Hence, 
to obtain the largest My» the signs of Fig and 
Fon will be chosen the same as their 


coefficients: 
Fig = = 46,200 lb 
Fo, = + 46,200 Ib 


With this information, Fy becomes: 


Fy = T+ Fiat Poa 
By = 241,500 lb - 46,200 1 46,200 Ib 
Fy = 241,500 Ib 


For flight loads K = J, so 


KFy = 1.0 (241,500) = 241,509 Ib 


The values of Ta, Ty, and Tg, are all equal 


to the thrust, The subscript refers only to the 
effect that causes the loads on the gimbal; so 


Ta = Ty = Tey = 241,500 Ib. 


9-22. The inlet line nressures consistent with 
maximum thrust on the engine are the engine 
operating pressures, Available information 
indicates that the .nlet line surge pressures 
occur during thrust decay; therefore, surge 


pressure is zero at maximum ‘thrust. To obtain 


a range on the pressures, a maximum Umit 
pressure anda minimum liaiitpressureare cal- 


culated, From figure 9-11, the maximum limit 


pressure is 1.2 times che maximum operating 
pressure plus surge pressure, anda consistent 
minimum lmil pressure is 1 to 1.2 times the 
minimum operating pressure, 


Since the inlet pressures are dependent on the 
vehicle pressurization system, the pressures 
used in this sample problem are approximated, 


a. Maximum oxidizer operating pressure = 
38.0 psi. 


b. Mintinum oxidizer operating pressure = 
34.0 psi. 
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c. Maximum fuel operating pressure = 
30.5 psi. 


d. Minimum fuel operating pressure = 
27.5 psi. 


Frum figure 9-4, the inlet line pressures are: 
(limit- 


Ph = eae operating oc onal load 
plus surge pressure ) + 4,0 psi factor) 

P= ees ae NaeE ie 
plus surge pressure) 44.0 psi factor) 


Pp 1,2 (38.04 4,0) = 50.4 psi. 


L MAX ~ 
Py win @ (1/1.2) (34.0 - 4.0) = 25.0 pst. 
Pee MAX = 1-2 (30.5+4.0) = 41.4 psi. 
Pin = (1/142) (27.5 - 4,0) = 19.6 psi. 


From figure 9-8, the inlet line torsion loads and 
spring-rate constants are found: 


TQ, max = 11480+E4 IF + 64.5 P, | in-lb 
TQ) win -10400+ E- |F + 64.5 P, | in-Ib 
TQ max = $0504 B+ 1F + 64.5 2) | in-tb 


TQ.) MIN 7 -14000+ B- {F+ 64.5 P, | in-lb 


TQ» MAX ™ 14050 + FE + /G+ 64.5 Py in-lb 
Te). MIN = ~13000 1 B-~ [G+ 64.5 Pal in-lb 
TQry MAX = 22050 + B+ |G+ 64,5 Pil in-lb 
TR ry MIN * -21000 + E- [G4 64.5 Pal in-lb 


9-23, For Tosition 2, 


Es 0 
F = 2859 in-lb 
G = -3700 in-lb 
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Solving for the torques, using the appropriate 
value of Py and Pp to give the largest absolute 
number, 


TQ), MAX = 11450+04 12850 + 64.5 (50.4)| 
TRL MAX = 17860 in-lb, 

TQ; MIN = -10400 + 0 - [2850 + 64.5 (50, 4) | 
TQ), MIN = ~16500 in-lb. 

TQy 7 MAX = 14050 + 0+ | 2850 + 64,5 (50.4) | 
TQ) ) MAX ° 20156 in-Ib 

TQ. win 7 714000 + 0 - | 2850 + 64.5 (50.4) | 
TQ) MIN = ~20100 in-Jb 

TR» MAK 7 14050 + 0 + [-3700 + 64.5 (19.6)] 
TQp wax = 16486 in-Ib 

TQ, MIN = - 13000 + 0 - |-3700 + 64.5 (19. 6)} 
TQ» min = 715486 in-Ib 

Ter MAX = 22050 + 0 + i-3700 1 64.5 (19, 6)| 
Toy MAX = 24486 in-lb 

TQ py MIN = ~21000 + 0 ~ |-S700 + 64.5 (19. 6)] 
TQ py MIN = - 23436 in-Ib 

9-24, from figure 9-8, the constants Cr and 
Cy, are also obtained: Cy, = Ch = 1. The de- 


tailed calculations of M,, and M, at the gimbal 


interface using the input variables and the in- 
fluence coefficients are listed in figure 9-12, 
The compatible M, and M, moments at the inlet 


line interface are listed in figuze 9-13. The 
cocflicients used for Position 2 of the gimhal 
paitern and Case IJ inlet loads for (light condt- 
tions, 


9-25, The first column of the figures lists the 
variables. The second column lists the nu- 
merical range of the variables thai have been 
calculated, The values listed for KFy, Ty, 
and M_ have a 41 multiplier nut previously dis- 
cussed, Thig term is inserted in the load 
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range to easily account for the fact that the fric- 
tion moment and the offse. misalinement have 
two sets of values. One set of values is the sign 
given in the influence coefficient tables, and the 
other set is the opposite sign of those lis.cd, 
This is equivalent to nviltiplying the variuble by 
(+1) to obtain the first set of cvefficients and by 
(-1) to nbtain the second sel. The third column 
lists the loads used for maxtinizing My. When 

a variable's influence coefficient for a My load 
is negative, the minimum vilue of the variable 
is used. When a variable's influence coefficient 
for the My load is zero, the ‘oad is incependent 
of the variable. Hence, the value of the variable 
can be decided by considering, one of (re other 
loads (FY, Fy Fs My» or M,) which is depend- 
ent on th? variable; that is, which has an in- 
fluence coefficient other than sero. In this man- 
ner, a compatible maximization of two variables 
can be obtained, 


9-26. In the specific case calculated, the in- 
fluence coefficients of the variables for an My 


load have some zero coefficients. In those 
eases, the variable's influence coefficient for 
the My load js inspected and the maguitude of the 


variable picked to obtain the Jargest compatible 
Mx load. In this example, the magnitude of 
Tg Po Ch Pos Cp and M, variables are 
dependent on the My influence coefficients, All 
magnitudes in figure 9-13 are consistent with 
those determined in figure 9-12. 

9-27. The maximum My is then calculated by 
multiplying the appropriate load by the M,, in- 


fluence coefficient and summing up the products, 
This maximum M, is then applied as the last 


variable, No. 16, The M, load compatible with 
the maximum M, is then calculated by multiply- 
ing the loads in the third column by the M, in- 


fluence coefficients and summing up the pro- 
ducts. The remaining load calculations for 
FY Fy Fos and M, can be obtained in a simi- 


lar manner, 


Variable 


(9) 7 


Case II Fuel 
Line 


(13) TQ, 
(14) Py, 


(15) Cy 


(16) M, 


 meuumanad 


#46, 200 Ib 

+46, 200 Ib 
+0.2067 G 
+0.9754 G 
+2,.5G 
(241,500) (+1)lb 
(241,500) (+1)1b 
(241,500) (41)lb 
241,500 Ib 


16,486 


-15,436 2-1b 


41,4 
19,6 8 


1,0 


(158, 769)(+1) 


Applied Load on Engine 
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Loads for 


Load Range Maximizing M y 


-46,200 Ib 
446,200 Ib 
+0,2067 G 
+0,9784 G 
12.5 G6 
4241, 500 Ib 
4241, 500 Ib 
-241, 500 lb 


+241, 560 Ib 


~16, 500 in-]b 


+50.4 psi 


41.0 


15,436 in-ib 


19.6 pst 


1,0 


4158, 769 


M,(1.C.) 


-6, 596-1 
~6. 608-1 
-2,920+1 
-6.108+3 

8. 72642 
-4,554-1 
-1, 346-2 
~3.002-2 


-6.441-1 


0 


3,.033-1 


~5. 75942 


-2, 58441 


9, 65441 


03956 


Gimbal Mating Surface 


M,,(in-1b) 


30,450.0 
-30, 529.0 
-6.0 
5,976.0 

2, 182.0 
-109, 931.0 
3,251.0 

7,250.0 


~155, 550.0 


-157.9 


6,252.7 


M,(l.C.) 


~9, 861-1 
1, 243+0 
3,23612 
1,532+3 
2.560+2 
8.407-2 
2.644-3 

0 


0 


~8, 530+) 
0 


-1,20240 


~260 ,080.0 compatible 
Max, 
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Resuitant Applied Load at Vehicle to 


ort 


M_{in-lb 
yfin ) 


45, 558.0 
57,427,0 
66.89 
1,498.9 
640, 0 
20, 303.0 
638.5 

U 


f) 


14,083,0 


0 


18,554 


158, 769 
mak, 
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Figure 9-12, Calculations for Maximum M, With a Compatible Value for M, 


at Gintbal Interface With Engine in Position 2 
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Maximizing 


Variable Load Range Load 


te 


Case Il Oxidizer Line 


(1) TQ), 20150 , -20, 100 in-Ib 


-20109 17-1 
(2) Py as psi 50.4 pst 
(3) Oy, 1.0 1.0 
TOTAL 
Case Il Puel Line 
(1) TQa apace in-Ib  -20,836 in-Ib 
(2) Pp ana Bel 19.6 psi 
Gin Gy i.0 1,0 
TOTAL 


Le ——— 


Figure 9-13. Calculations for M, and M. Moments Compatible with a Maximum 
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a eS Is 


Resultant Applied Load at Vehicle to 
{nlet Line Interface 


M, (I. C.) M, (in-1b) M,(1.C.) M, (in- 1h) 

0 0 1.0 -20, 100 
~6,85840 -345.6 0 0 
8, 596+4 85.9 0 0 

-259.7 -20, 100 

0 0 1,0 -20,836 
~2.98110 -46,77 0 0 
-1,259+3 -1,259.0 a] 0 

-1, 305.7 -20, 836 


ss ae 


My at Gimbal Interface With Enpine in Position 2 


9-28. PROPELLANT INLET DUCT AND 
GIMBAL BEARING TOLERANCES AND 
DEFLECTIONS. 


9-29. The propellant inlet duct and gimbel 
bearing interface clearances and torsional de- 
flections are Usted In figure 9-14. The clastic 
deformation within the gimbal assembly is ecal- 
culated using gimbal torque valies based on the 
engine as a redundant system witit the inlet Unes 
and gimbal-reacting torque loads on the engine, 
Since Hooke’ s joint effect and elastic defornma- 
tion within the gimbal assembly are position 
dependent, the deflection buildup clearances at 
the actwitor attach point are each broken down 
injo twe riaximum cases giving compatible 
yalues for Hovke’s joint effect and elastic de- 
formaficn, The maximum allow: ble rotatton 
of the fuel ond oxtdizer inlet ducts is outlined 
in figure 9-15, 
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9-30. GIMBAL BEARING COEFFICIENT OF 
FRICTION AND FRICTION MOMENT EQUA- 
TIONS. Static and dynamic coefficients of fric- 
tion of the fabroid applied on the gimbal bearing 
spherical surface (concave surface of bearing 
seat and body) over a temperature range of 
~300° to +160° F are defined in figures 9-16 and 
9.17, The values were calculated from test 
data and based on the 2. 70-inch spherical seat 
radius for the gimbal bearing, Combined staiic 
and dynamic coefficient of friction of dry-film 
lubricant A0112-006 (Rocketdyne) is outlined 
in figure 9-18. This lubricant is used on tor - 
sional load bearing surfaces of the body side 
panels, shaft, and retainers, Formulas for 
computing the friction moment of the gimhal 
under different loads and gimbaling conditions 
are ouliined in paragraphs 9-31 through 9-34. 


R- 3825-1 Section 1X 


Deflection and Clearance Rotation at Actuator 
Torsional Deflection or Attach Point on Engine (Degrees) 
Clearance Item (a) 


et 


Case I Case [I 

Torsional hotation of Gimbal 0,25 0,00 
(Hooke's Joint Effect) (b) 
Chamber Atlach Point Deflection 0.10 0.10 
Torsional Deflection of Dome 0.10 0.10 
THlastte: Deformation Flight 0, 42 0.60 
Within Gimbal 
Asseinoly Test Stand 0.53 0. TT 
Manufacturing Tolerances 0,22 0,22 
Within Gimbal Assembly(c) 
Dry-Lubricant Wear 

Body to Shaft 0,05 0.05 

Retainer to Shaft 0.03 on 0.03 
Maximum Rotation in One Flught 1.17 1,10 
Direction From Inatalled 
Position Test Stand 1,28 1.27 

et ee eS efRSstte NNN yjhnbs__smespmmregl ei hn WES =tO SW 
: Deflection and Clearance Rotation of 
Torsional Deflection or Propellant Inlet Ducts (Degrees) 
Clearance Item Duldiger 


om line rE cr EER 


Torsiona) Deflection of 
Propellant Inlet Duct 
Vehicle Attach Flange 
Maximum Deflection and 

Clearance Rotation at Pump 

Inlet Flange in One Direction 

From installed Position 


ih re mF 


Propellant Inlet Duct Torsional 
Null Position Misalinement 


Maximum Rotation in One 
Direction From Duct 
Torsional Null Position 


Pe Fee ae ee | 


A re 


(a) Angie indicated is the maximum predicted valuc except for (c). 

(b) Hvoke's joint effect is a function of engine position as is elastic duformation of 
gimbal assembly, The maximum elastic deformation occurs ina position 
where Hooke's eifect is zero, 

{c) Value is based on a selective fit assembly of detailed partn, 


NOTE: Case 1 and Case IJ maximize the deflection and clearance rotations at 
the gimbaling positions where Hooke's joint effect has a value of 0.25 
degrees and 0,00 degrees respectively. 


a a 


Figure 9-14, Gimbaling System Torsional Deflections and Clearances 
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So tion [2% 
Diaagraphs 9-31 to 9 33 


Yorsion Bellows (Minimum 
Rotation from Nominal 
Position) 


Additional Allowable 
Rotatlon in Ducts Without 
Exceeding Allowable Loads 
on Pumps 


40,32 degree 


‘Yocal Allowable 
Rotation 


12,42 degrees 


. Allowable Rotation of Fuel 
and Oxidizer Inlet Ducts 


Figure 9-15 


9-31. The spherical-type gimbal (figure 9-19) 
has two baste load paths: the torsion luad (My) 


is reacted by the shaft, and the forces (axial 
and tateral) are reacted through the seat when 
the gimbal has a compresvive-load component, 
as encountered during hot-firing of the engine. 
When the gimba} has a tensile load coniponent, 
which occurs during dry gimbaling, the torsion 
lond is reacted similarly to the compressive 
toad, and the forces ure reacted by the shaft, 
the retalners, and the seat. 


32,10 deprees 


R-3526-] 


9-32, Secondary load paths in the gimbal are 
developed by friction forces resulting in mo- 
ments about the pimhal center, These friction 
moments are a function of the gimbal geumetry, 
the coefficlont of friction between the sliding 
surfaces, and the loads across these surfaces, 
The four surfaces at whieh the friction moments 
are penerated are: 


a. The sockets between the giinbal seat and 
the gimbal body. 


b. The socket between the gimbal bedy and 
the spherical surface of the shaft (tensile-load 
condition only). 


c. The journals beiween the shaft and the 
rotainers, 


dad. The fat sides of the shaft and the gimbal 
body, 


1.93, The following equations are for calculat- 
in gimbal-bearing (riction numents during hot- 
fi sing (compression on the gimbal): 


= : 2 . 2 aie 
Me = (sine) pals (F,) ' (FY) t (fF) 
2Ro 

4 Ky tg My + M, (sin om) 
i ore ar 

mee a AgGR at ugly a x ou y) + (FY) 
F Ke Ky M,, t M. (sin Oy) 

NOTE 


Figure 9-19 shows the generate configuration of the sphcvical-type 


gimbal bearing, 
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iction of Gimbal Spherical-Surface, Fabroid Beari:g Materai, 
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Figure 3-16. 
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Secuion 1X k-3825-1 
Paragraph 9-34 


Ne Fe a Ne Pa a AD a atin RETR AN MO ee re ee rere, me 


HEARING BODY —- 


UHAFT RETAINER 


| uy 


HEARING SEAT 


A A RO RE MA et Na 


ae ee 
Cail 
| ~ BEARING SHAE T 


Vy, yy 
NOL 
THE GIMBAL BEARING If ULLUSTRATED IN THE 
NUL(. POSIT(O? FOR WICH FEE VSHICLE AND 
BNOINK AXES ARE COLLINGAT ee 
“1-95 


Le SSP RY 


Figure 9-19, Engine Gimbal Configuration 


9-34. Tho definitions of the gimbal-bearing a 
parameters for ecuations of paragraph 9-33 
are given below: 


M, 1M, . M, (in-Ih) ~ The resultant applied 
v Jy Vv moments at the gimbal 

center in a cnordinate 
system which is fixed 
ta the vehicle and is 
parallel to the engine 
coordinate system 
when the engine has a 
zero degree gimbal 
angle. 


The resultant applicd 

forces and rnoments at 

the gimbal center in R 
the engine coordinate 
system, 


By Ko (ib) 


M,, M M, (in- 1b) 


y’ (in. ) 
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o (deg) 


- The engine gimbal 


angles. of is a posi- 
tive rotation about 
the axis fixed from 
canting: on the vehicle 
Side of the gimbal; 
a. = Ct 


Xx 
v 


is 9 positive 
rotation about the axis 
that cants (moves) 
with respect to the 
vehicle side of the 
gimbal; a), Fa, 


- The radius of shaft 


ut the retainers. 


R- 3826-1 Section 1X 
Paragraphs 9-35 tu 9-36 


Ry (ing) = The redius of the 9-36. GIMBALING LIMITATIONS. The eunbal- 
: hady and seat. ine himitation of the customer connect lines and 
propellant inlet ducts and the gimbaling limita- 
1 Qn.) - The length of shaft ‘ion of the gimbal bearing are shown in figure 
between centers of u-22. ‘The allowable giimbaling includes cycles 
reine es, accumulaled under all conditions of engine 
Ib wsaKe, Such we engine operating or nun- operating, 
hy Oy ~ ‘Phe cocffievent of pressurized or nonpressurized, and chilled or 
frivlion between the nonchilled. A cycle is defined as either (1) 
flat postion of tlie gimoaling, from null position loa paricular 
gimbal benring shaft angle, then returning through null to the opposite 
and the bady (a posi- onele and back to null or (2) gimbaling frown null 
tive quantity). position to a corner angle, then around a square 
lb gimbal pattern through the other three corner 
My Gi? - The coefficient of angles, then back to the original corner angle, 
frictlon bel weea the and (optional) back to null, — Any gimbal move- 
retainer and the shatt ment that is less than the defined eyele nust be 
(a positive quantity). recorded in the Engine Log Book as a half cyels 
w Figure 9-22 shows the percentage of design life 
hy iN - ‘The coutticient ot expended for cach cycle at a particular angular 
friction between the excursion. The perecntage per cycle rust be 
body and the seat (a nultiplicd by the number of cycles at that parti- 
positive qusitity). cular anyular excursion to determine the cumu- 
lative percent of design life expended. For 
& (deg) + The angle in the Xy> 2y square-pattern gimbaling, the number of sqvare- 
plane detining the axis, pattern cycles must be multiplied first by 1.5 to 
Ag (figure 9-20), about obtain a corrected nwnber of cycles. To make 
which the engine is sure that gimbaling limitations are not exceeded, 
gimbaling or about the cumulative total of percentages of design life 
which rotation isimmi- expended must not exceed 100 percent. An ex- 
nent. Positive rotation ample of calculations to deternine design life 
abuut the axis, A,, is expended for gimbal bearing (uader typical 
determined by the conditions) follows: 
right-hand rule, 
NOTE (1) Series of pimbal cycles executed: 
Two cycles at 0,6 deyrees 
ky = +1, ky = +1, the choice of 41 or Bight square-pattern cycles at 6.U 
-J for k is made so that the seeand degrees 


term nas the same sign as the first Four cycles at 9.4 dogrees 


term on the right-hand side of the 
respective equation. ‘The following 
exceptions, hawever, must be 
observed: 


(2) Percent of design life expended per 
cycle (figure 9-22): 
At 0.6 degrees, 0.0117 percent 
1) for €=nz7; k, = 0 At 6.0 degrees, 0, 102 percent 
At 9.4 degreas, 0.28 percent 
2) for «= (2n4 is Ky = 0 


where n=0, 1, 2, 3, ....... 
? , 


9-35. NONGIMBALED ENGINE LOADS. The 
information presented in figure 9-21 is appli- 
cable to nongimbaled engines where the vehicle 
propellant ducts are connected directly to the 
turbopump inlet flanges. 


Change No. 9 - 9 June 1970 9-25 


Section EX R~ 3825-1 


Paragraphs 9-37 ta 9-44 
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Viygure §-20. Axis Definition 


(3) Percent of design life expended for 
total cyches at each particular angular eacursion 
(ie, percentages to be entered in Fnine Log 
Book): 

At 0.6 degrees: 2 0.0117 = 0.0234 
percent 

At 6.0 degrees (square pattern): 
corrected number of cycles = 
1,.5x8-~12, and 12x 0,102 = 
1. 224 percent 

At 9.4 degrees: 4x 0.28 = 1,12 
percent 


NOTE 


Total cumulative percentages of 
design life expended for this series 
of gimbal cycles is 2.3674 percent, 
hut this (otal percentage valuc is not 
entered in the Engine Log Book. 


9-37. THRUST ALINEMEINT. 


9-38. The actual thrust vector must be within 
43 minutes of the engine centerline and must 
pass within 0. 550 inch, or 0. 693 inch on en- 
gines incorporating MbD200 change, of the gimbal 
center, 


CAUTION 
The vehicle contractor must not 
adjust the engine gimbal bearing to 


obtain alinement with the vehicle 
attach point. 
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9:39. ELECTRICAL AND FLUID CUSTOMER 
CONNECTION LOADS. 


9-40. Applied loadsat the vehicle connections 
caused by gimbaling the engine are listed in fig- 
ure 9-24, Loads due to acceleration and vibra- 
tion are listed in figure 9-25. 


9-41. HEAT SHIELD ATTACHMENT. 


9-42, The heat shield attachinent is shown on 
the applicable engine installation drawing. The 
maximum lvad which may be applied is 12 Ib/in 
in any direction, 


9-43, ACTUATOR ATTACH POINTS. 


9-44, In addition to basis sanport froin the 
gimbal block, the engine is supported by ¢wo 
gimbal acluators attacned to the thrust chamber 
injector dome, each 90 degrees from the other 
with respect to the centerline of thrust. The 
actuator envelope and installation requirements 
are described in figure 9-26 and on the applicable 
engine installation drawing. The two actuators 
and the installation bolts or pins are not supplied 
with the engine. The data in figure 9-23 presents 
@ summary of engine spring rates. They are 
based on a combination of test data and analyti- 
cal calculations. Figure 9-23 also outlines 
expected variations in springy rates from engine 
tu engine. 
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1, Installation Misalinements of the Turbopuimp tntertaees 
- rom Their Nounnal Position 


ert se in nt wee ee 


(Refer to Customer Connect Interface Vrawing 106476. ) 


2, Load Deflectuuns of the furbopump Inderfaccs From Their 
Insta'lcd Positions 


—_— 


es a ee ar 


- 


aan Ax A, Ay Oey oF 1, % v 
Oxidiaer Fuel Oniaizer Lue l 
__fin,) (in, ) (in. ) (au. ) (eqs) (deg) (eg? 
Maxiniun Range 
of Motion 0. 780 0.910 0.20 0. 10 0. A0 2. 20 &. 34) 
Mioduian, Motu eS Pes oe -_ - = 
in Either the Plus 
or Minus Direction 
From (he Instatted 
Position 0.459 0. 545 0.05 0.05 0. 50 1, 30 1,95 
3. Approximate Kinematic Movements for the furbopump 
Interfaces Relative to Their Deflected Positions Caused 
___ by Iungine Gimbaling (Determined From J and 2) 
(in) (in, ) (in) (ead) (ad) (rad) 
Oxidizer (-L1.a, -21,T) 21.e,. 11. ot, Oy T a, 
Fuel (-6, *, + 21, T) “21a, 6c, oy at Oo, 
Sina, Sine, 
where T= cot”! oe) ~ Tan a eee 
tan a, tan ay, 


ee RL TR re | ANS NR tee te 


a tree imate te ER STWR Get 


Figure 9-21, Nongimbaled Eugine Loads (sheet 1 of 3) 
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OXIDIZAER PUMP FUEL PUMP 
NOMINAL NOMINAL 
LOCATION t LOUATION } 
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iN +o wm + Y 
wt 

ar Yy? ay ae od Xi V4) ay 

ars mt 

Oy 4) Buy Wey Ox 4) Bets Go 

+X 

OXIDIZER PUMP FUEL PUMP 

LOCATION LOCATION 
x = Xy 7 Xo 9% = Fy1 7 8xQ 
Ay = ¥1 = Yo Gy = Buy = fyo 
A, * 2, ~ 4% O7 Qo G20 
Nye =f (x, - x, +2, -2,)? 
1 0 1 0 


JS (8x1 - Ixo a + (821 - 820 g 


1 SHEA, AND THEA,, MISALINEMENTS FOR EACH CASE ARE 
VECTORILY ADDITIVE, 


8 xy 


2 THE a, AND THE a, ARE ANGLES (IN RADIANS) OF ROTATION 
ABOUT THE J-2 ENGINE X AND 2 AXES. 
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igure 9-21. Nongimbaled Engine Loads (Sheet 2 of 3) 
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ALLOWABLE LOADS AT THE PUMP INTERVACES 
FROM THE VEHICLE INLET DUCTS 


OXIDIZER PUMP INTERFACK PUEL PUMP INTERFACE 
nucr 
“s VERIUL Is | Fa 
DUCT aa ye 
te ot oe ee mana rounds 
I i +f 


ENGINE 


LOADS CARRIED BY DUCT INTO TuRBOPUMPS{1 } 


F =1,500 LB f= 1,850 LB 
XZ XZ, 

F = 41,960 LB F = +2,160 LB 
y y 

M,., = 5,000 IN. -LB M = 8,750 IN. -LB 

a XZ 

M = 24,000 IN. -LB M. = 24,000 IN. -LB 

Y 25, OOO IN, -1L.B Y 32, 000 IN, -i.B 


THESE LOADS INCLUDE ANY SPRING-RATE LOADS, INERTIAL 
LOADS AND LATERAL LOADS FROM PRESSURIZING THE DUCTS 
| 


PRESSURE LOAD ON THE PUMP ACROSS THE 
INTERFACE PLANE DURING ENGINE OPERATION 


MAX. = 6,920 LB _ MAX. = 8,440 LB 
y MIN. 1,260 LB PY MIN. 1,260 LB 


3 THESE LOADS MUST Bi UNIFORMLY DISTRIBUTED INTO THE PUMP 
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Figure 9-21. Nongimbaled Engine Loads (Shect 3 of 3) 
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pressure) 
Dome to chamber Key og. 34.0 to U4, } +00) in-th/ rad. 
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Actuator attach point to vehicle 

interface (assumes the load 

applied at the atlich point is k 0,26 ~128 to .515 +100 /in 
entirely reacted at the -50 

vehicle interface) 


Actuator altach point to vehicle 

interface (assumes friction- | 

less pivol at gimbal conter k 1.61 (.20 052.45 | +50 Ib/yn 
and inertial veaction at the ) 

center of percussion) | 
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Figure 9-23. Miuedne Speing Rates (Sheet 1 of 2) 
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Section IX 
Paragraphs 9-45 to 9-48 


A ae eh ee Re reverent 


Loads, Caused hy Deflection of Fluid Lines Due to Gumbaling, Applied at Vehicle Connection 


Gimbal FEF olb Folb Fo olb 
Position = 7 Zs Bethe 

2 +607 +902 +186 

3 +277 +247 +160 

4 - 351 ~ 856 - 344 

4) -473 -870 -~ 160 

& ~6§07 ~902 - 166 

q -274 ~247 ~ 160 

8 +331 48u8 4144 

9 4473 48763 +160 


Loads, Caused by Deflection of Electric Lines Due ta 


Glinhal F_ Ib Fob F_ ib 
Meson eee | Geek 
a -34i ~410 4274 
3 -289 ~361 +221 
4 -259 - 306 +168 
5 + 2b 44 ~ 30 
6 +32) +410 -214 
7 +289 1361 29! 

8 4255 +306 -168 
9 - 25 - 44 + 50 


M,. in lb My in-lb M, in-Ib 
~ 11880 - $218 +4989 
- 3331 -ud 02 41488 
+ 9058 4 3072 -1051 
+10555 44205 ~ 1728 
+I 1880 +5218 - 4189 
+ $931 +2352 - 1.288 
~ 9058 - 3072 +1051 
~ 10565 ~4205 +1728 


aimba ney Appued st-venicle Conuretion 


M,. in-|b M, in-ib M, in- lb 
+4581 $443 + §538 
43734 + 49 +4893 
+2886 -34i +4249 
- 806 -447 + 515 
-4581 ~ 4413 +5038 
-3734 © - 49 ~ 4893 
- PREG 4341 - 4448 
+ 806 4449 - 515 


ee an er tele 


Figure 9-24. Bending Loads From Customer Connect Lines Caused by Gimbaling the Engine 


9-45. GIMBAL ACTUATOR LOADS. 


9-46. The loads imposed by the ginba!l achin- 
ters must not exceed 46,000 pounds applied to 
vach actua.er chaniber attach point whea the 
engine is being glinbaled Ifthe engine is locked 
in the neutral position, 41.6 degrees, it is 
capeble of withstanding actuator loads of 

130, G00 pings maxiaini, 


0-47, OPEBRATIONA LAND GIMNMALING LOADS, 


9-48. MOVEMENT. The engine is designed tu 
withstand a 7. $-degree iuexirauin gimbal angle 
in the plane of either actuator. The resultant 
corner position for simultaneous actuator 4ax- 
tension or retraction is approximately 10 de- 
prees 386 minutes. Overtravel positive stop 
provisions must be an integral part of the 
actuator. 
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Section IX 
Paragraphs 9-49 to 9-53 


te 


DEFUUTIONS 


G = Acceleration in the x direction, in g's, 


due te vibration and vehicle acceleration, 


G = Acceleration in the y direction, in i's, 
y duc to vibration and vchicle acceleration. 
G * Acceleration in the z direction, in g's, 


due to vibration and vehicle acceleration, 


ay = Angular acceleration avout the x axis, 
: in rad/sec*, due to engine gimboling, 


‘oa + Angulat acceleration about the z AXIS, 
in rad/see , due to engine gimbaliag, 


The above terms sed in the following equations 
will give: 


EF in pounds 
(x, y, or) NP 


M in inch-pounds 
(x, y, or 2) aa : 


LOADS AT VEHICLE CONNECTION 
Loads due to Fluid Lines: 


Fo + -40.7G_ - 1. Si 
x x z 


2 a RY te 


A CCR NE PI A ON BP okt mere 


R-3825-1 


F = 40.7673 ~ 10a » 3,30 
y y¥ KA x 
gr =-40.7G 1, Ta 
z Z x 
Mo +942 G +1148 G » 118 - 19,26 
x y 7} x z 
M, = -342 G. - 476 G 4 45, ace, + 13. loi. 
== 1 ; + Alt - rf a 1 O69) 
M, (188 G, t AUG ae Ra Oda, 


Loads fie fo Eicetriesl Lines: 


Po 2-438G ~ 4.24 
x a “ 


" 2-730 -B.5G - 7.3% 
Fy = +73 Gy 3. Bee 7 3c, 
F =-73G +5424 
Zz %, Xx 
M =-190G 4 2102 G 4+ 401N + 1Ze@ 
x y Zz x Z 
M, =+190G 1 3299G - G0 + be. 2or 
y x % ? x 
M, =-2102 G - 329G + sla + 873 
2 x ¥ x % 


LT NET a hl a RE rt shee 


Figure 9-25. Customer Connect Line Loads Due tu Acceleration and Vibration of Gustumer 
Connect Lines 


9-49. ACCELERATION AND VELOCITY. En- 
gine gitnha, aanysiglaur acceleration must not ex- 
ceed BU red/soc®. During the boost phase of 
flight, before engine ignition. the engine must 
not he subjected to aceclerations greater than 
presented in figure 9-27. 


9-50, FLIGHT LVAD LIMITS. During the 
engine operation phase of flight, the followire: 
Jnad conditions should not be execeded: 


a. The longitudinal and jJaterat inertia load 
limits as shown in figures 9-28 and 9-29, 


b, Aeradynamic moments chuving gimbal 
yperation must not exceed the following and 
must be such that, when cou:bined with allother 
loads, other maximum limitation specifications 
jn this manual are not exceeded: 


(1) No. Lor No. 2 gimbal axis (figure 9-6); 
werodynainic moments of 4110, 000 inch- pounds. 


(2) Kor % engine axis (figure 9-6): aerg- 
dynamic monrents of 1240, 000 inch-pouncdas, 
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c, Maxinium acrodysamic pressure on thrust 
chawber must not cxeced 00 Ib/sq ft. 


9-53. GIMBALING AND VEHICLE LOADS. The 
designed limit of forward seceleration with re- 
spect to engine gimbal angle is shown in figure 
9-29, This limit orcurs simultancously with 
the lateral acceleration relationship tu forward 
acceleration as shown in figure 9-28. 


9-52. INERT NUCT LOADS AT GIMBAL 
CEN'TER, 


9-53, The following eynationgs specify the inlet 
duct Joads at the gimbal center as a finetion of 
the gimbal angles of the engine, dict spring 
rates, and duct pressures. The effects of in- 
stallation misalinemoents and fricHonal loads 
have been meluded se (hat they can le used in 
calewating tne maximuin losd conditions at any 
gimbal angle. Figure 8-30 defines the termi- 
nelogy used in thence equations. 


Pages 9-34A and 9-44B deleted, 
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Figure 9-26. Gimbal Actuator Envelupe 
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Figure 9-27. Boost-Phase Load Factors at Zero Thrust 
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Figure 9-28. Flight Load Factors Resulting From Engine Thrust 
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Figure 9-29, Limit of Forward Acceleration Versus Engine Gimbai Angle 


a. Equations for applied loads at the pumps 
due to the inlet ducts: 


{1} Oxidizer duct. 


(Py ) _, = (62. py 4.6K, +250,)- 3660, Ky (1.1) 
(BW ie ee (1.2) 
tb ti4a6 ry L 
¥ 
ny) es a j, 8 18 - 06880) - K oy a (1.3) 
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(2) Fuel duct. 


ion =3.5- , 128er, (2. 1) 
Li 211.5 ~ . 183, (2. 2) 
Py = (62 Py? 6K, 1250.) + 3660, Kp (2, 3) 
Poe *- oe Py) ea. m2 HE glare (2.4) 
y “4L er T, 
(Mg = oe )F 16-2) K ott pean (2, 5) 
a ; Ya a,’ ” oF vA Ly 
NOTE 


The plus and minus (+) quantities in equations (1.1) and (2.3) 
furnish a load range that accounts for the loads from instal- 
lation deflections (4.6K) and friction loads from the bipod 
joints (4250. ) during deflection of the duct. 


b. Equations for resultant loads at the gimbal center: 


(Pg = Ua le F) P24) Lt P, F| sin @ (3. 1) 
(P,) (LL. FL) f(PL), + Wy) » (3.2) 
y G | Yq L a F| 
Pig 2b ele Lt P, ) F| COR A (3.3) 
(M) = (lL. F.){ 21.0 (y,) LO Fy) rls 
r 1 . ’ : F i . 

eee it 4d e, eo (id, L? m,, r] C08 OF (3. 4) 
(My) g =21.0(L. L. F.) he nO ®, 1| sin @ (3, 5) 
(Mg = (lL. sh 5 Pt +41 P, de ‘ (M4, at My] ane: 13.8) 
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(Ib/in) The axial spring-rate of the 
duct. 


(in-Ib/deg) The bending spring- 
rate of the duct. 


(in.) The half length of the center- 
line of the bellows on the pump side 
of the fuel duct. 


{in.} The length of the centerline 
of the fuel duct between the centers 
of the purnp side and stage side 
bellows. 


The engine gimbal angles in degrees. 


a@, is a positive rutation about the 
aris fixed from canting on the vehi- 
cle side of the gimbalay, = Oy 
v 
is a positive rotation about the 

nite that eants (moves) with respect 
to the vehicle side of the gimbal 
Oy FO: 


The angle relating the duct pump 
end coordinate system with the en- 
gine coordinate system in dogrecs. 


-Sin 

-1f rtm) . 

6 = tan ‘pavement OS OS 360 
a 


The angle between the engine y axis 
in the neutral position and the en- 
vine y axis in the deflected position 
{cant angle) in degrees 


; 2 2, 1/2 
Pou (a, + a.) 


4 (in) The axial displacement of the 
centerline of the duct. 


{1) Oxidizer Duct Ay = . 366 te 
(2) Fuel Duct Ap =: 366 oe, 


Ay (in.) The maximum axial displace- 
ment of the centerline duct. (See 
figure 9-33. ) 


Pp (Ib) An applied force. 


(lb) The applied force necessary to 
deflect the vnpressurized duct a 
a, distance. (See figuce 9-33.) 


1 
M (in-lb) An applied Moment. 
P (psig) The pressure in the duct. 
X,Y; Z The engt-e coordinate system. 


Xa ¥qr 2yq The duct coordinate system. 


L. . Fo The limit load factor used in calcu- 
lating the duct limit loads, lL. L. F. 
= 1.2 


NOTE: The point at which the loads are acting 
is defined by the following subscripts where: 


L refers to the oxidizer pump inlet line. 


F refers to the fuel pump inlet line. 
G refers to the gimbal center. 


ee re i TE et A rm ne Re EN 


Figure 9-30, Definition of Terminology 
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9-54. INLET DUCT SPRING RATES. The inlet 
ducts have nonlinear spring rates. A plot of 
deflection versus load for a complete cycle of 
the ducts, from maximum compression to maxi- 
mum extension, reveals a hysteresis-type rela- 
tionship. This is due to a yielding of the bellows 
convolutions after s certain loacl magnitude and 
a resulting increased strain rate for a constant 
loading rate. Thus, the loads from the inlet 
ducts are 2 function of the preceding deflections 
of the respective ducts. 


9-55. The inlet duct bellows are cunstructed 
from two different materials: L605 (Haynes 25) 
and heat-treated Inco 718. Engines not incorpo- 
paling M136 change may have either duct; 
engines incorporating M0136 change have bel- 
lows made from heat-treated Inco 718 and are 
required to meet more stringent spring-rate 
requirements, 


9-56. The ducts with L605 bellows have a 
hysteresis (load deflection) envelope similar to 
that shown in figure 9-31. The curve of figure 
9-31 was established from axial deflection- 
tests performed on the individual bellows and 

is expressed as a function of the dimensionless 
ratios A/At and p/pl. The value of 44 and 
the range of values for Py are given for each 
duct in figure 0-32, This envelope is applicable 
for the direct deflections resulting froma 
maximum g¢imbaling pattern of the engine. The 
linear slope on the graph of figure 9-31 is usable 
un through a gimbal angle or of five degrees 
since the majority of the nonlinearity occurs at 
angles greater than five degrees. 


8-57, The Inco 718 bellows have a narrow 
hysteresis curve (little change in slope), the 
spring rate of ducts with these bellows {figure 
9-32) can therefore be approximated with a 
linear spring rate, The load contribution of 
the bellows bending deflections is only a small 
part of the overall loads at the gimbal center, 
therefore, only linear-bending spring rates for 
all ducts are furnished in figure 9-32. 


9-54. SAMPLE PROBLEM. The maximum 
range of inlet duct loads atthe gimbal cenier, 
for a perlicular rapge of duct pressures, will 
be calculated vo demonstrate the use of the 
equations, 
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9-59. The loads are presented in figures 9-33 
and 9-34 as 4 function of the engine gimbal 
angles. These loads were calculated using a 
coniputer program to solve the equations. ‘The 
constant input data, which is printed at the top 
of figures 9-33 and 9-34, includes the maximum 
axial spring rates and bending spring from fig- 
ure 9-32 for a duct with an Inco 718 bellows. 

The pressure range Selected was arbitrary. 

The two left-hand columns of the printout sperify 
the gimbal angles for which the loads were calcu- 
lated. They are specified twice for a given 
position in order to calculate the loads for the 
full range of duct pressures. The duct pres- 
srres used for each case are presented in 
columns 5 and 6. 


9-60, The monients Mxg and Mzg must be 
overcome directly by the actuators. Myg, due 
to the twist, contributes two additional moments, 
Mxy und Mz,, about the X and % axes, respec- 
tively. They are a function of the geometry of 
the gimbal bearing and the coefficient of friction 
between its moving parts. Refer to figure 9-10 
for gimbal positions. The moment equations 
are: 


M.. =aM 
xy "YG 


(0, 257 s1) - M, : Sing, 
G 

M 35M 

“y d ie) 


The influence of the change in the naxinsum duct 
spring rates, between engines J-2025 and J-2055, 
on the maximum actuator Joads can be demon- 
strated by the following approximate analysis: 


NOTE | 


The influence on the My on the actu- 
ator loads is small and will be neg- 
lected, 


Let f+ imaximuio actuator-load magnitude 
based upon the nominal distance to 
the actuator attach point. 


The maximum ac.uatlor loads, used in this fec- 
inula and the toads calculated in the sample 
prohlem, are presented in figure 9-36, 
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Figure 9-31. Hysteresis Curve for Inlet Ducts With L605 Rellows 
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1. Inlet ducts with 
1.605 bellows 
(figure 9-31) 


43,75 
? al 
} 1 (ib) 1,610 to 925 
2. Inlet ducts with 

Inco 718 bellows 


Axial spring rate, 290 to 435 


K (b/in) 
3. Bending spring 149 
rate. Ky 
(in-Th) 
‘deg. 


igure 9-32, 


9-61. RYDRAULIC SYS'TEM INSTA),LATION, 


8-62, ACCESSORY DRIVE PAD. An »ceessory 
drive pad 1s Jocated on the turbine exhaust mani- 
fold of the oxidizer turbopump. ‘The accessory 
is to be connected directly to the turbine shaft 
by means of 2 Rovketdyac-provided quill. The 
quill cequires a female splino on Lhe accessory. 
No bearings or seals are supplied for the acces- 
sory pad. Refer to Rockeldyne blueprint 106475 
(customer connect interface) for interface di- 
mensional requirements. Sce figure 9-36 for 
Spline data. 


€-653. A component inoliatled on the accessory 
drive pad will be subjected to a wide variance 

of temperature and pressure since the lurbme 

manifold way experjence a temperature range 
from ~200° to 4900° F. Internal turvine mani- 
fold pressure, consisting of hydragen-rich 


steam, will range From ambient to a maximum 
of 56 psia, 
9-64. The rotational specd of the accessory 


drive pad is 7,900 to 9,000 rpm during main- 
stage with the rotation clockwice viewing the 
engine drive pad. The enyvine is delivered with 
the accessory pad blanked off and the quill shaft 
prckaged separately. 


9-630, If hydraulic power is selected, 1015 ase 
sumed thal peak toads iu the hydraulic system 
will be absorbed by a properly sized vehicle 
system accumulator, The estimated oxidizer 
pump speed builchyy during the engine start 
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transient is presented ja section VU. ‘The fol- 
lowing limits of drive pad capabilities must be 
observed: 


a Maximum weight, 25 pounds, 
b. Maximum overhung moment, 125 in-lb. 
c. Maximum starting torque, 700 in-ib, 


d. Maximum contimtcus running torque, 
225 in- lb. 


e. Maximum shear design point: The shaft 
of the accessory mounted on the pad must have 
a shear design point not to exceed 1, 600 in-Jb. 


f. Allowable eccentricity: ‘Lhe allowable 
eccentricity between the hydraulic pump center- 
line and the cenicriine of the mounting pac is 
0.015 inch. 


g. Maximuin angular misalinement: The 
maxiimua angular rnisalinement between the 
hydraulic pump shaft centerline and the hydrau- 
lic pump mountise ped face is 20 minutes. 


9-06, QUILT. SHAFT. The length of the quill 
shafl supplied with the engine is 10, 045 inches, 


9-H%. HYDRAULIC BRACKLUYT LOADS. The 
hydraulic line support brackek has an allowable 
limit load capability of 100 pounds axial luad 
and 2 100 in-Jb moinent acting in any direction 
simultancously. 
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Figure 9-33, inlet Duct Loads at the Gi.abal Center (Typical Printout) (Engines J-2025 Threuh J-2054) 
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-16. 700 9.600 180.600 10,730 942, 38 -9. S475 304, S3805, a. 
~3, 300 -5.300 133.122 7.4985 49 33 ~Z34. 57385 22d Oaits. 3387. 
~3. 369 -5.3008 135.128 7.495 42 33 ~294, $759 285 180S0, 25c. 
0.000 -29.705 96. 000 1G. 709 4S 33 -569 6014 -& 37578. GaS8. 
0.000 -16.790 98. 900 19. 799 42 33. ~684, §938. ~¢ -16330. ~ 4043, 
5. 200 “5.303 44. 877 7. 495 &. 33 ~321. 6294, -322 32057. 33. 
3. 360 -3. 300 44.877 7.4993 42 38 -383 6318. ~385 -503923 ~4i6s, 
-7. 500 0.00G 190.600 7.3500 49. 33. -0. 5619 306 96528 o. 
-7. 500 6.000 185.000 7.500 42 3S ~. 3643 391 32304 v. 
~5. 006 0.980 180.000 5.000 49 33 -0, S751 223 80213 9. 
-5, 000 G. G00 186, 000 5. G60 42. 33. -0, 8775 280 16312. 3. 
-~2. 500 0.000 180.900 2.500 44. a3. -0. 5533. 121. §3931, o. 
2. 


-2. 500 5.056 180.069 2.500 42. 38. -0. 390%. 159. ~94 


Figure 3-34. Inlet Duct Loads at tne Cimbal Center (Typical Printout) (Engines J-2055 and Subsequent} 
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PROIEC TION OF THE PAGE OF CANT ANGIdE ON THE X-AKES, (DEGRERS ) 


JP-d 95 
VWiegure 9 98, Micduum Actuator Louds 
Hein Amount flor Asaount 
Nonmber of Peeth 16 Measuring Pin Dyamefer, 0. U9E00 
mehes 
Launetrat teh 20/30 
Dimension Over 2 Pins 0, 9348, Min. 
Pressure Antle, degrees 30 (ifter pluuing), inches 0.9303, Max, 
P4tch Diameter, mehes 0. 8000 Oat of Roundness: Vitel: 0,001, Max, 
Ditimeter, inches 
fearue Diameter, ineies 0. 69282 
Lead hover, mehes 0,003, Max, 
Major Ditweter, aches 0.863, Main, 
0. 867, Max. Tooth to, aed Spiucing 0.0001, Max, 
error, inches 
Minor Diameter, inches 0.005, Min, Accumulated Pitch Brroc, 1.0018, Max. 
0. 671, Max, vonadjust ible, Inches 
Form Blameter, tnehes 0.72%, Abtx. Profile Wrrov, inches 0,0006, Max. 
Fillet Radius, juches 0.010, Min. Class of Pit AND 10262 
Circular Tooth Thekness 0.0691, fdtn. Type of kat Side Fit, Fillet 
{afler plaGng)., wiches O.O710, Mex, Root 
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PFiguee 9-36. Accessory Derive Spline Dala 


Loves 9-47 through 9-60 deleted. 
Change No, 9 - 9 June 1970 H-45/G-46 
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lt-t. SCOPE. ‘This section contains informe 
tron concerniug the cagine electricel tnlerface 
system and the propellant ulilzation system. 


10 2. DLNCTRICAL, SYSTRM INTERFACE 
DATA, 
10-4. A separate caneetor b4 pravided toatl: 


low colpanenl testing and monitoring of the 
enpine controls Pron GSH. The connector at 
lows pickup of sigogals for ine Hight tuonttoring: 
of eritical control funelions and bypass expit- 
bilities for simudated sequence testing. ‘To 
preven inadvertent sequencing, & Component 
test lock-out is provided, “Mis allows eutoll 
to be cnergiaed from GS when individual cam: 
ponent tests are mada. Separate test points 
tllow encrpivation of the cantrad solenoids fron 
Gs. Beeause the sequencer is designed to 
provide mitximunt voltape to the solenoids, 
there are no protective diodes in series with 
the feed from the sequoneer to (he solenoids, 
Therefore, ilas imperative that dhe vollage 
used to onergaise the solengids trom Gsk be 
equal to or Jess than the engine control vollayre, 
fa prevent incorrect current feed inte thy 
controller. ‘This criterion should be met by 
using the component test power connection is 
a voltage source for energizing solenoids. 
Refer to figure 10-J for typical component test 
power connections, 


PARAGRAPH PAGE, 
10 9 Spark Ignition Syrtem. oe... ». 10 2A 
10-13 Power Requirements... 2... 10-7 


10-17 Propellant Utilization System... 10 Y 
19-20 Propellant Utilization Control 
System Characteristics . 2... (0-9 
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10-4, isypass provisions are yneladed in the 
control system to allow caine sequeonee festa. 
Bypass capabilities exist for the follawiag gyre 
nals: maimstage OK pressure switches, (ation 
detected (to be used only an onpines not ineorsos 
rating: M336 change), fuel ingection temperature 
OK (tor enpines not Incoeporating Mptco or 
MD204 chauve, or enyies cyupped with eloatri- 
exd contral assembly (CA) O02A070-11, -111, 

or e210), ands tape enable (on engines ine 
corporating MD204 change or equipped with an 
BCA tn the 502670 serles With a dash number 
ather than +21, -111, and -201). Bor flight, 

the fuel uection Cauperature cireniry bas 

been replaced by a stage. supplied tiner (SIVB) 
or ECA-~controlled amainslage enable signal (SID 
to control fuel lead to fhe engine. The followkngs 
eulorf ciccuits are confined in the oeguence 
controller, to prolect Che engine during, start, 


a. Tnnifion detector: Qn engines nol incorpo- 
rata M0338 change, ignition in the aupemented 
spark igniter (ASL) chamber is monitored by a 
tusible, wlre-link detector prove inserted 
thavugh the AS{ unit into the ASI combustion 
zone, Engine cutoff will oceur if an ipnition- 
complete signal ss not received prior to expira- 
tion of the ignition-phase timer. Engines 
requiring restart in flight will be equipped with 
a dummy ignition detector probe (M0338 enanye), 
which will allow enine restart by producing an 
ignition-cumplete signal at all times. 
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Section X R-3826- 1 
Paragraphs 10-5 tu 10-6 


Petree a et A LI EERIE eS ANE a gy Art 


r= me OT Oe oe me ey 


COMPONENT f COMPONENT 
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HOLANGID ‘ 
(PYBICAL) , 
fayisamn. EXIVTS HELIUM CONTROL 
SULBANGID CIRCLED ONE Y, 
d2-1 69 
Fipare (0-1. Component Test Power ConneeUous (Typicat) 

b. Matnstage OK pressure switches: Proper Db, Nonlirnited-cutrent output erreuits mired 
malnastiuee operation is monitored by (wo maine be protected from overtoads or short caeeulls, 
plage OK pressure switches. hese pressure This apphtes particularly do connector Pal, puns 
awitches munt piek up before the deenergizavion a, e, b, and Y, and connector P54, pins Y and 
of the spark ignition system or engine cutoff D0 
will be iniliated, Pickup of either pressure 
switch will block injiiaUion of cutoff, During ce. When engine control power buses are 
engine operation, engine cutoff will be initlated enerpized and an igailion= vonplede siyguad is 
whenever dropout of the switches is caused by obtained, the ypnition detection simulation 
deterioration of oxidizer injector pressure. (clectrigal commecter 294, pin M} must not be 
Both switches must drop out for cutoff to be energized, since this would result faa cecuncdant 
Jnitiated. Pressure switches etn be funetion ignition- cuniplete signal at fhe “CA fpaition- 
tosted and individually monitored, dktection circujary and may damage dhe WCA, 
10-5. BLECTRICAL CONTROL ASSEMBLY do Extreme caution must be used when tron 
SAFETY PRECAUTIONS. bleshootung the engine electrical oystem: with 

power applied to the ECA. Accidental momen- 
10-6. ‘The ECA ts deotined lo provide an ex- tary shorts or grounds can damage the ECA. 
cremely high degree of reHability. During 
checkout and operation, the foliowing precau- c. During engine checkout and test stand 
tions should be observed to avoid damaye to the operation, the electrical system must not remain 
BCA: in the mainstage condition for long periods of 
time. ‘The following conditions are reconumended 
a. The polarity of the power supply to the for electrical system mainstage operation: 


ECA must nover be reversed, The ECA is not 


protected for reverse polarity. (1) The BCA internal temperature, if 


monitored, is limiled to 110° F maxinium on 
engines not incurporating MD243 change or not 


10-2 Change No. 7 - 4 December 1969 


K- 3825-1 


equipped with RCAs 502670-63, -71, -B1, -181, 
~171, -181, -2¢1, ov -271. 


(2) If the internal ECA temperature is net 
monitored and the clectrical system is in the 
mainstage condition for 10 minutes or more, 
the system should be allowed ta coal for 30 
minutes before being recnergized, 


!, Continuous application of powee lo the ECA 
for extended periods of time should he avoided, 
although the assembly is designed for continueus 
operation, Because many circuits are in opera- 
tion at all limes, operation of the assembly 
with power on fur days at a time will eventually 
doprade the reliability of the unit. 


gf. Proper current loading on certain nonitor 
circuits must be maintained. Due te circull 
desigu, certaln monitor circuits supplied 
through diodes may give fuully recorder opera- 
tion if not suffictently loaded down, Due to 
transistor leakaye current, these output diodes 
may appear as high resistances if the elrcult 
Joad resistance Ls too high, and voltage devel- 
oped moy be sufffelently high to actuate sensitive 
recorders, ‘This apphes to connector Pdi, 
pins aand Y, and connector P54, ping BE, V, 
and W. (Refer to paragraph 10-16.) 

h. Stage or test-stand circultry must be 
designed oo that elther (he ruel tijectton tem- 
perature transducer sipnar or the stage- supplied 
temperature detector bypass stynal is veeelved 
ii. proper sequence to provide operation of the 
spark exeiler circuitry within the duty-cycle 
limitations oullined in paragraph 10-16, 


10-7. ELECTRICAL CONTROL ASSEMBLY 
INTERCHANGHABILITY DATA, 


10-8. An ECA of the 502070 part number series 
can be replaced by an allowable atiernale BCA 
of the sanie part number series. In some 
instanees the substitution of one HCA for 
another will affect the electrical interface. To 
be consistent with the intorfaee effects from an 
ECA substitution, changes must be made to 
checkout, statle fring, and launch procedures, 
Interface effects are deseribed in figure 10-2, 
which lists the ECAs currently In uge and the 
allowable alternates. 


10-9, SPARK IGNITION SYSTEM. 
10-10. Ignition is established in the GG and the 


thrust chamber by the redundant high-tension , 


Chanye No, 12 - 18 October 1972 


Section XK 


snark ignition system, The spark exciters 
transform 28 yde (nominal) into 27,000 43,000 
volts, which discharge across the spark plu 
gap ata minimum rate of 40 sparks per second, 
A maximum spark rate is not specified because 
the maximum value is not critical to angine 
operation, Spark igniter cables (figure 10-1A) 
transmit the electrical energy from the spark 
exciters located in the MCA to the spark plugs 
in the thrust charaber ASI assembly and the GG, 
The spark igniter cables are pressurized with 
gaseous nitropen to prevent breathing of mois- 
ture during nonuse end storage environments 
and to inhibit the possibility of internal plow 
discharge (corona) during operation at high 
aliitudes. The spark exciters are designed for 
a duty cycle of 10 seconds on and 5 minutes off, 
or 5 seeonds on and 3 minuta off, ‘The off- 
time interval nist be observed when perforni- 
ing any sequence of engine tests in which the 
spark igniters are onerylized, 50 aa not to 
exceed the reconimended duty cycle, 


CAUTION 


Component and seque: >. tests of the 
engine must be scheduicd stri. Uy In 
accordance with the spark exciter 
duty cyele above, Execceding the 
cperatlag thme or repeated operations 
without the preserfbed cuoloff time 
can cause damage to ppark exclters 
and require replacement of the ECA, 


10-11. Ground superviston of spark exciter 
redundancy is accomplished by the observation 
of four spark monitor signals, These signals 
are 8 12 vde levels with a L- to 4-volt pulse 
superlinposed on the de signal, The pulse 
frequency Js indkealive of the rate at which the 
spark exciter is supplying energy to the spark 
plug. A typical spark monitor signal is shown 
in fijure 10-3. On engines Incorporating; MD380 
or MNM¥481 change, the multiplex module in the 
ECA spuperinpeoses the redundant timer function 
on three of the four spark monitor output traces. 
(See figure 10-3A,) The circuitry allows audible 
checkout of the spark exciters In pairs (one GG 
exciter and one ASI oxciter). The spark exciter 
output interval between Individual sparks is 25 
milliseconds or less. During engine atatic 
testing, Spark Monitor /Overspeed Cutoff Panel 
G1045 monitors the interval between successive 
sparks and requires that the Interval be 25 
nifiliseconds or leas throughout lhe first half- 
second before giving a spark OK indication, 
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Figure 10-1A, Spark Iyniter Cable Assembly 
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Configuration Change 


ECA =e rs 
Part (a) _Engine if ectivity Replacement F 
Number Neserysion of Change Retrofit®) Production Part Numbi 
502670 Adds second ECA temper- J-2016 and J-2025 -llor oa 
uture sensor, provision 
for cudible spark igniter J-2031 
component test, and dual through 
monitor capability fur main- J-2062 -21, -51, -12 
stave OK pressure switches. or -151!P) 
~O1, -74, + “ 
-161 ye 
- 191th) 


HO2G70- 11 32-4659 J-2026, J-2028, J-2030, -HWlor-211 
J-2035, J- 2097, J- 2038, 
J-2040, 3-209, J-2048 
through J-«2045, 92047, 
J-2049 through J-2051, 

J-2053, J-2055, J-2057 
through J-2059, and 


1«2068 through J-a065 


J-2066 
through 
J-2074 


Changes start tank dischiurpe 
delay from 0.64 to b second. 
~Z1, -1, -12 
e151, «221, a1 
~251 


~G1, <1, <8t 
2161, «1tl,-< 
~261, or -271 


+2075 
throuph 
J-207% 


502670--21 it, “18h ate 


-221, or -2hl 


Deletes carcuit for prechill 
control (main fuel injection 
control temperature) and J22 
jutaper receptacle; deletes 
starl Gink pressure switch 
and sequence control valve 
position switeh circuits. 


J-2036-1, -2039-1, and 
2013 


-G1, -7h, ae 
“184, ~1Tt, 
~261, or - 211 


50267031 J+2087 (made from basie 


ECA) 


Adds improved ignition None 
exciter output adapter and 


spark exciter bonding. 


~61, -161, or 
~261 


J-2073 (also incorpo- 
rates -21 change con- 
{iguration) 


(a) “Retrofit effectivities for higher ECA dash numbers supersede retrofit effectivities for lower ECA dash numbers, 
_fb) FCA 502670 (basic confi suration) is deleted by creation of - IXK- K- series part numbers. 
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Figure 10-2. Electrical Control Assembly Interchangeahility Data (Sheet | of 3) 
10.4 Change No. 7- 4 December 1969 


er a A ap ESR 


Allowable Allernate KCAS 


aces NE AE tt ehh RR SEP a aes itl 


re 


Retrofit) 


Replacement ECA 
Part Number 


Alor -111) 


Effects of Replacement 


ae 


Production 


Incorporates 1. 000-second start tank discharge delay timer. 
Compatibility of this change with stage must be evaluated; 


J-2016 and J-2025 


J-2031 cnyfnes it Clusters mnust have identical tumung valuas, 

through 

+2062 -2!, -51, -121, Incorporates 1,000-second timer, and eliminates the tulluw- 
or =151(b) ing electrical inte: face functions at connector Pd4- (Thus, 


these signals are not obrainable on clectrical checkout 
console, ) 


Fuel injection temperature OK (pin dl) 

Fuel injection temperature simulation (pin S) 
Surt tank depressurized (pin ¢) 

Start tank presurized (pin k) ~ 

Spare moniter (pin N) , 


Changes connector PSI, pin &, from Fuel Injection Tem-~ 
perature OK. Bypass to Mainstage Enable, and requires 
signal to enable initiation of start tank discharge after 
expiration of start tank discharge delay timer 


-61, -74, -81, Incorporates 1,000-second mer; elininates functions at 

-161, -171, or P64, pins c, d, k, N, and S; changes connector P&I, 

1914) pin X, to Mainstage Enable; and deletes 110° F ECA 
internal temperature limitation, (See effeets of -21 on 
basic ECA, ) 


“lllor-211 No effect on cugine operational requirements. 


- 2026, J. 2028, f-2080, J-2066 
~2035, J-2087, 1-208, through 


-2040, J-2041, J-2043 1-204 21, -51, «12k, Einudnates electrical functions at P54, pins ¢, d, k, N, 

hrough J-2045, J-2047, -161, -221, or und S, and changes connector PI, pin X, lo Mainstage 

+2049 through J-2001, ~251 Enable. (See effects of -21 on basic ECA. ) 

-2053, J-2055, J-2057 

hrough J-2059, and ~61, -71, -8t, Eliminates electrical funetions at P54, pins ¢, d, k, N, 

~ 2063 through d- 2065 ~161, -171, -181, | and S; changes connector P51, pin X, to Mainstage 
~261, or -271 Enable; and deletes 110° F ECA internal temperature 


limitation. (See effects of -21 on basie BCA,) 
- 2036-1, J-20389-1, and J-2075 
- 2073 through 
ye 2077 


-S1, «121, -151, No effect on engine operational requirements, 
-221, or -26] 


~61, -71, -81, Deletes 110° F MCA Internal temperature limitation. 
~161, -171, -18)1, 
-261, or -271 


-2037 (nade from basic 
CA) 


None 


-61, -161, or Deletes 110° F ECA internal temperature limitation. 
-261 


~ 2073 (also incorpo- 
ates -21 change con- 
guration) 


ne retrofit effectivities for lower ECA dash numbers. 
ixX-series part numbers. 


bility Data (Sheet 1 of 3) 
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ECA 


Part 
Number 


(a) 


502670- 51 


502670- 61 


502670-71 


502670-81 


502670-111 


502670- 121 


502670- 151 


502670- 161 


Description of Change 


Adds improved ignition 
exciler output adapter and 
spark exciter bonding. 


J2- 546 
J2-566 


Eliminates double-soldered 
terminals, and replaces 
germamum (eansistors,; 
deletes 110° F KCA internal 
temperature Hmifation, 


Requires inspection of solder 
joints at 20X magnification. 


Redesigns wiring for stress 
relief on component leads, 


Incorporates improved timers 
in -1t ECASs; incorporates 
one-second discharye delay 
timer ane improved timers 

in basic (502670) RCA, thus 
deleting basic configuration. 


Incorporittes Improved 
timers In BCA -21. 


Incorporates improved 
timers in ECA -51. 


Incorporates tmpraved 
timers in NCA -61. 


Configuration Change 


ny 


Kugine Effectivity 
Retrofit™ 


Replacement ECA 
Part Number 


Production 


J-2036-1 and J-2078 ~151 or -251 


J-~2039- 1 through 
J-2121 ~61, -71, -81, 
-£61, -171, -181, 
-261, or -271 
J~203% and J-2073 J-2122 -‘tL, -81, -161, 
through -17t, -181, -261, 
J- 21380 or -271 
35-2131 ~81, -2771, -18), 
through or -271 
J-2139 
Od Nune None 
J-2033, J-2036- 1, -21) 


J-2038 through J-2042, 
J-2044 throuph J-2067, 
J-2069 through J-2071, 
and J-2074 


-121, -151, -221, 
or «251 


161, -171, -181, 


or -271 
J-2075 (hrough J- 2077 -151, -221, ov 
251 
“161, «171, -181, 
~261, or -271 
J-2068 and J-2078 ~251 
through J-2121! 
‘161, -191, -181, 


~261, or -2'1 


J-20387, J-2073, and 
J-2122 through J-2/30 


~i71, «181, -261, 
or -271 


(a) Retrofit effectivitites for higher ECA dash numbers supersede retrofit effectivities for lower ECA dash numbers. 
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Figure 10-2, 


Electrical Control 


Engine Mffectivity 
Retrofit 


ee a rn 


Replacement ECA 


Production Part Number 


J- 2036-1 and J-2078 -15t or -251 
J- 2039-1 through 
J-2121 -G61, ~T1, -81, 
-161, -L71, -181, 
-261, or -273 
J3~+2087 and J-2073 J-2122 -T1, -81, -161, 
through -171, -181, -261, 
J-2130 ov - 271 
3+2131 -81, -171, -181, 
through or - 241 
J-2139 
None None 
d- 2030, J- 2036-1, -211 


J-2038 through J-2042, 
J-2044 through J- 2067, 
J»2069 through J- 2071, 
and J-?074 


#121, “151; 221, 


or -251 


~161, -t71, -181, 
or -271 


J+ 2075 through &-2077 -151, -221, or 


-251 


~161, -171, -18!, 
-261, or -271 

J - 2068 and J-2078 ~ 251 
through J- 2121 


-161, -171, -181, 
n261, or «271 


F-20847, J-2073, and 
J-2122 through J-2130 


“111, -181, +261, 
or -27h 


rgede retrofit effectiviies for lower ECA dash numbers. 


See aaheantealaadd maasaeneneahinananumaamaeaeenamtommet 
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R- 3825-1 Section X 


ee: 


Allowable Alternate ECAs 


nl TA EN 


Effects of Replacement 


No effect on engine operational requirements. 


Deleles 110° F ECA internal temperature limifation, 


No effect on cngine operational requirements. 
} 4 


No effect on engine operational requicements. 


No effect on engine operational requirements, 
Eliminates electrical functions at P54, pins c, d, k, N, 


and S; changes connector PSI, pin X, to Mainstage 
Enable. (See effects of -21 on basic NCA. ) 


Eliminates electrical functions at P54, pins ce, d, ky N, 
and S: changes connector P51, pin X, ta Mainstage 
Enuble; and deletes 110° FF NCA internal temperature 
Hinttation. (See offpets of -21 on basig BCA, ) 


No effect on cnpine operational requirements, 


Deletes 110° # ECA internal temperature Lanitation, 


No effeet on engine operational requirements. 


Deletes 110° B ECA internal temperature Umitation, 


No eff. st on engine operational rcquivreiaents 
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Section X R-3825-1 


| Contiguration Change 
ECA. Rngine Effeetivity 


Part 
Number? 


Replacement E 
Part Numbe 


Retrofit) 


Description of Change ECE Production 


Re OE TT 


502670-171] Incorporates improver J2- 606 -181 or - 271 


timers, 


J-2131 through J-2139 
(made from -71 
configuration) 


J-2145 and 
subsequent 


502670-181] Incorporates improved 32-606 None 
timers (ECP 608); alsu 
provides stress relief on 
component leads and modifies 
itiy filler valve, S¢ 

02670-2112] Modifies air filler valve on ~221 or -251 


J2-633 [349 
ECA -111, 


J-2036-1, J-2039-1, 
J-2046, J-2048, 
J-2040, J-2054, J- 2056, 
J-2060, J-2062 through 
J-2065, and J-2074 ~181, «261, or 
~271 


§02670-221| Modifies air filler valve on ~ 2561 


J2- 633 i 
ECA - 121, a 


J2-624 )349 | J-2078 through J-2093 
and J-2095 through 
J-2121 


J-2075 through J-2077 


~181, ~201, or 
-271 


602670-251| Modifies alr filler valve on 
ECA ~151, 


-181, «261, or 
271 


502670-261! Modifies air filler valve on 
ECA -161. 


J2-633 [349 | J-208%, J-2075, and ~181 or -271 


J-2128% through J-2130 
502670-2711 Modifies air filler valve on -181 


J2-633 1349 |J-2132 through J-2140 
ECA -171. 


J. 2141 ~181 
through 
J-2144 


502670-381| Modifies ECA to improve re- 
Habllity by eliminating critical 
single point failure modes 
aasociated with timing and 
ignition detection functiona, 


J2-708 [380 |1-2036-1 and subsequent None 


a 
J2-708 |38t | J-2036-1 and subsequent None 


es 


§02670~581} Sar. 2 as -381 except compona 
parts are additionally screened 
for improved quality. 


(a) Retrofit effectlvities for higher ECA dash numbers supersede retrofit eftectivities for lower ECA dash numbers. 
(c) Change incorporated in production along wilh changes described in ECP 570 an? ECP 633, 
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Allowable Alternate ECAs 


ere cee 


Replacement ECA 
Part Number 


— 


itfects of Replacement 


~181 or -271 


J-2131 through J-2139 J-2140 


No effect on ergine operational requirements. 
(nade from --71 


configuration) 
‘4 J-2145 and } None 
subscquent 
9 | J-2036-1, J-2039-1, -221 or -25t Eliminates clectrical functions at P&4, ping c, a, k, N, 


J-2046, J-2048, 
J-2049, J-2054, J-2056, 
J-2060, J-2062 through 
J-2065, and J-2074 


and S; changes connector P51, pin X, to Mainstage 
Hnable. (See effects of -21 on basic FCA. ) 


-181, -261, or Ellininates electrical functions al P34, pins c, d, k, N, 


-271 and S; changes connector P51, pn X, to Mainstage” 
Enable, and deletes 110° F RCA internal temperaiure 
limitation. (See effects of -21 on basic HCA. ) 
) {f+2075 through J-2077 -251 No effect on engine operational requi. ements, 


-181, -261, or 
-271 


Deletes 110° f ECA internal temperature limitation, 


y [J-2078 through J-2093 
and J-2005 through 
J- 2121 


-181, -261, or 
-271 


No effect on engine operational requirements, 


) |§-2097, J-2073, and -. 31 or -271 No effect on engine operational requirements. 
J-2122 through J-2130 
) | J-2132 through J-2140 ~181 No effect on engine operational requirements. 
! J-2141 ~181 No effect on engine operatio al requirements, 
through 
31-2144 
| | J~2036-1 and subsequent None Verification of correct timer operation requires 
recording of the four spark monitor/tlmer mvltiplex 
signals and the engine cutoff signul when engine 
electrical sequonce tests are performed, 
3-2036-1 and subsequent None Verification of correct timer operation requires 


recording of the four spark monitor/timer multi- 
plex signals and the engine cutoff signai when 
engine electrical sequence tests are pertormed. 


upersede retrofit effectivities for lower ECA dash numbers. 
8 described in ECP 570 and ECP 633, 
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Figure 10-3 


10-12. Under certain engine Siang conditions, 
quenching of the spark ean ocenr. Gon, tem 
perature, gas, aud pressure parameters deter 
mine whether quenching of the spark will ocean 
during engine start, Quenching can be caused 
by turbine spin and/or pressure bull lup daring 
transition in the ASland GG. The ds level and 
the spark pips change charactertstics if quench- 
ing aceurs, (See figure 10-3. ) 


+ 
ie 


10-13. POWER REQUIREMEN'I 
10-14, Separate power supply circuits are 
provided for control power tnd tynttion power 
reqiurenicnts as follows: 


a. Control power: 360 watts maximum con- 
tinuous for eloetrical contvol ¢treults and 
solengids during suart and poweved flight, 24-91 
vde during engine start, and 22-31 vde alter 
mainslage operation ts achieved. (See figure 
10-4 for power profile. ) 


Section X 
Paragraphs 10-12 to 10-15 


| 
Ay 


| 


\ 
SPARK OF 


fa} WHEN DETERMINING DC LEVEL, DITHEG ARD NEGATIVE 
AVIKBS 


Jee teI6 


A A Le Soe RN a HY CREA HERE Ss ARR Ere a A NNT A=: 


Spark Monitor Oulpat (Typies)) 


bh. fenition pawer, 600 watts maxaiuum eon 
tinttions droto Sturt sigaal fo spark deenorpized, 
24-31 vide. On ongines incorporating MBTEQO or 
M204 change, spark tition may be required 
for aS long us 12 seconds, dependag on setting 
of stage tiner. (See figure 10-4 for power 
profile. ) 


lv. 15. At inital voltage application, the voltage 
may be 32 vde maximum for a period uot to 
exceed 60 seconds. The de peak ripple voltage 
must not exceed 2.1 volts when measured by a 
peak- reading vacuum tube voltmetor ina series 
with a 4. 0-microfavad capacitor. The hogber of 
the twa values measured, when the voltmeter ts 
stecessively comected for cach of the lwo 
polarities, must be considered the cripple valt- 
age. The maximum voltage transient lintt isa 
30-volt positive pulse with a thine width of 10 
microseconds anda repetition rate of 20 pulses 
per second. 
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ENGINE START 
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NOTE 


DISREGARD PEAT 'IRSATIONS BHERE VOLTAGE LEVEL CHANCES 
CCCUR. VOLTAGE AND TiME:, OSTERVALS ARE TYPICAL FOR 
BOTH TRACES AND ARE }.OT SHOWN TO SCALE. 


SEE FIGURE 12 FOR SPaARN TRACS REQUIREMENTS EXCLOPT 
REDUc 2 VOLTAGE LEVELS BY 1.9 VOLTS 


Figure 10-3A. Spark and Timer Multiplex Output 


xX uuplag 


E-GGBE-U 


See Re 


POWER BATTS 


KLwATTS 


POW 


A ae ERT te nae ney er 


R-3825-1 Section X 


MAXIE SRONPEION SYSTESE POSE ENE t sts JIM 


ae nom 


— ee 


700 


£30 WAT1S 


600 


Str 


KOE 9 02 SLOONDA MAXISEL Mt 
POWER YALIES ARF DASE 2 O% 

SO YDC BED VOLTAGE PUBRR Po 
REQUITTENSEN TD is ADE LD US 

QNESECOND EVEL PEAD 


400 


A SPATIRS DER MEG EO EL 


400 eee 


atk) i 


100 


EWALT 


TIME, SRO ORDS 


MAXIMUM CONTROL Powt HVE dest TIM 


§00 wore | ry anpromate 


ttt Meenssellll Mnamenlal eee ———- 
106 | s - 


TOMER VALUEN AIL HASE SD 
UN 90 YI HY VOLTAGE 


POSE OFF» 


AU) Ws 2 
200 WALT = 


112 Sk CONS 
AV TER CULO 
(MAXTOR) £ snamne taet 


Aa 


acs 


LU MAT IS 
Hrtaltet aie LL 


TIMF, BECONDS 


_—— 


Figure 10-4. Electrical Controi and Ignition System Power Requirements 
Change No, 12 ~ 18 October 1972 10-8A/10-8p 
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10-16. The cugine electrical system ia sche- 
matically represeated jn figure 10-0. ‘The 
Plectrical interface connections tro shown vn 
figures 10-G and 30-7. A complete lst of the 
tolertace comectiona of connectors Pht, Pod, 
and Poo are contained in tiveies 10-6, (0-8, 
aad 1-10: notes and engine efter livily codes 
for these Ggures wre conlatped im fipures 10-11 
end 10-32. The purpose of coanector PST is to 
provide power for the electrical control system 
wad the spark ignition system, cermmand sigvals 
for engine canfied, vad enmine-vebicle mterioc! 
fenelions. Phe pu oose of conneetor P5415 to 
provide signals recessary for mondoring and 
checkout from the frond support equipment, 
and signeig cecessary for in fight ipstrumen- 
tation, The purpose of connectar Pth je tn 
provide sygnals necessary fo contro] apd mods: 
tor the propellant utilization (PU) valve, Rela- 
tion of initingum monitor outaut yolaage tee dapat 
yvolivge and external load reastunce 1s shown 
wy ficure $O- 13. 


10-17. PROPELLANT UYILIZ ATION SYS SEM. 


TO-48. ‘Phe PU valve avd its st rvomneler are 
supplied with the ons.ce, apd ponthion feadhack 
porenticnaeter 16 supphied as apart. f the PU 
valge assembly. ‘bie position fecdback potenti- 
ometar has a resistance «£4,000 chars. ‘the 
PU valve areeniply vadate cestomer-supplicd. 
blage- or fam tty-uisontedk control system make 
up the PU sysiaun. The VU valve has the enpa- 
nhiy of varying Che enpoie GIrust Ati mexture 
ratio by regalatirg the rate al oxidizer ciremta 
tie through the bypass lice trom the tua bopump 
volute outlet to the high-yjatessuce side of the 
terbopunipy mducer. 


J0-99, igure 10-14 shows a arhomatic of the 
el. ctramechancyl PU valve assembty, The 
venicle purtian uf (he system isne repre erated 
in the suhenmatic, 


NOE 


To obtain adequate repeatable start 
fransients, it is ruandefery that the 
vehicle maintain the Pi valve in the 
mudi postion until a rainimuns of a9 
percent of engine thrust is attained, 
During S/H restarts, the PU valve 
must be held in the minimum (vatye 
open) PU position until at least 5 
secanils after S£DV aspen cortrol 
signal, 


Section X 
Paragraphs 10-16 to 10-21 


50-40, PROPELLANT UTILIZATION CONTROL 
SYSTEM CHARACTERISTICS, 


10-4i. Tae PU valve electrical power require- 
ments arg control systans eharacteristics are as 
follows: 


a Servurmocoer fined phase (SIVB stage): 108- 
fei vac rms, 304-410 Hz, 35 watts maxiinum at 
12i vac rms and 304 Bz; power factor, 0.39 to 
0,70; maximum current, 0.600 atopere rms 


b. Fervomotor fixed phase (SID stage): 108- 
Val vae rings, 394-430 Hz, 35 walls maximum a 
V2) voo rus wud 384 fz; power factor, 0.39 to 
0.78, ‘The meximum current is 0. 6C0 ampere 
emis, and the Stage Contractor nwust assure that 
the combination of the hve PU valve current 
vaiies oo each stage do nut exceed the capability § 
of the PU computer. When a currert measure- § 
mentas obtained with the valve at anbient tem - 
peratiie, use the followmg relationship to 
determine the cold valve current: 


1 = {Rk - Hf) + 0. . 
fo ik, Ry) (0. 0085F) - 0.106 + Lem 
whore 
If, = culd fixed-phase current 
(amperes) 
Ry = measured control-phase resist- 


ance (ohms) at Ign current 
R r measured test lead resistance 
(.ams) 
1 = measured frred-phase enrrent 
ae fauperes) 

¢. Servometor controt phase: 40 vac tms 
maximum, J84-4b3 He, 16 wails maximum at 
4 vac rrog und 394 Hz: power factor, 0,39 te 
0,70; suaxiuum curvent, 0,800 ampere rins 
(be wed on ner using center tap) 


NOVE 
The senter tap of the control-phese 
winding is located 38 turns from 
either nnd of the winding, and each 
nalf of the control-pbase winding 
mist have a de resistance of 6.2 
(+16 percent) ohms at 68° F. 


f 
t 


dad. Phase relationship (electrical connector 
Pug): For valve closing, fixed-phase vollage on 
yin Ro with respect to pin P leads controi-phase 
voltege on pin © with respect lo pin B. Fnr 
valve opening, fixed-phase voltace on pin R with 
respect to pin P Jags control-phase voltage on 
pin C with respect to pin &. 
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e. Ta .ed yvolwges are ring values based on 
Sinuscidal waveforms. One of fhe applied volt- 
ages inty be nonsinusmdel. Uo a nonginusvidal 
waveforio 1s apphed to the seryumnotor, the 
waveforn) must be passed through a weve 
analyzer, the fundamental sinusoid must meet 
the voltage requirements, ond ihe phase relo- 
tionship applies to the fundatacntas sinusoid. 


f. With the PU valve sralled, the required 
control-phase voltage must be cetermined by 
the following relationship: 


115 Ve 48.4 
Vo os v eee PEE OT 7 
-0, 236 + 0.0276¢- 0.000155¢% 
where 
Ve = cuntroi-phase voltape 
Vip = measured PU valve maximum 


threshold yoltage 
ve = measured fixed-phase vulfage 


> = MmMeasured-phase relationship in 
degrees between the fixed-phase 
voltage and the control-phase 
voltage with the PU valve stalled 


The Stage Contractor establishes whether or 
not the available computer voltage is greater 
tuan the calculated Vc for the PU valve. In the 


f cvent that the available computer voltage is not 


greater u.an the caleulsted Ve for the PU valve, 
NASA will determine the required action. The 
extent of the possible incoropatibility is limited 


i by the following: 


(1) The available computer voltage (Ve 


sind) must be a ininiomm af 15 vae for the PU 


valve by the above equation. 


(2) ‘The required PU valve thresholr volr- 
age (Vy) must he a maximum of 15.) vac. For 
PU velves tested as a component (not installed 


§ on an engine) subsequent to 24 April 1969, the 
A required PU valve threshold voliape (Vp) isa 


maximum of 12.0 vac. 


g. Steps ¢ and f apply atall mutor operating 
temperatures (haf may vary between +900" F 


g and -$0° Fi as determined by measuring control 
1 phase winding resistance. 


Power must not be 
applied to the motor if protective covers or 


J insulation is on the valve actuator, excepl insu 


lation installed hy Rocketdyne drawings cr 


20-10 Obange No. 7- 4 December (069 


R-3825-] 


modification instructions. Without liquid oxygen 8 
in the valve, operation may be prorrammed cone § 


currenily with power on. Prior to loading 
eryoyenics. power must be applied to the fixed 
phase and the valve positioned to null far G, 40 
hours minimum, Wilh the PU valve closed, the 
resistance between connector P38 (pins J and K) 
and connectors P105 (pin OD) and P107 (pin c) 
must have mirimum resistance. With the PU 
vaive open, the resistance between connector 
P38 (pins K and L) and connectors P107 (pin e) 


and P107 (pin BE} must have minimum resistance. | 


h. Valve response: Give a ste}: command, 


the valve must travel stop-to-stop (60) 2degrecs)E 


within 2,25 seconds maximum, when the voltage 
and phase relatiowtup of he vapresoion 


Vip + 8,4 


a re a ee NN ere 


"7 


is) 


0.236 +0 0275-4~ 0,000155¢2 


Ve 


< 


ace available if required by the PU valve motor. 


i. Feedback pctentiometer: Resolution 0.15 
percent ninimumy; linearity +@, 50 percent from 
best straight line. 


i, Gearing backlash: 


(t) Power gear train (motor-to-valve gate); 
vith motos pinion gear locked, valve gute as- 
sombly hachlash spust net exceed one clegree of 
arc. 


(2} Potentiometer gear train (valve wate lo 
polentiomelor), with potentiometer pinion gear 
Jocked, valve gale assembly bachtash must not 
exceed 0, 30 degree of arc. 
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Figure 10-5. Electrical Contro! System Schematic (Sheet 1 of 2) 
Change No. 7-4 December 1969 = 10-21 
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Figure 10-5. Electrical Control System Schamatic (Sheet 2 of 2) 
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Figure 19-7. Electrical and Flight instrumentation Interface Connectors 
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Figure JG-8, Electrical Interface Connector P&S) (Sheet 1 of 2) 


Functional 
Description 
Supply, Control Power 
Supply, Control Power 
Spare Pin 
Rare Pin 
Spare Pin 
Supply, Control Power 
Supply, Control Power 
Spare Pin 
Spare Pin 
Spare Pin 
Spere Pin 


Corsmand, Exnergency 
Helium Vert 


Soare Pin 
Spare Pin 
Supply, Sguition Power 


Reiern, Ignition and Control 


Power 


Return, Ignition and Control 


Power 


Change Mo. 7-4 December 1969 


iene etetermermare acme Mauro 


are er mt ee Ce RR 


Current 
(Amperes, 
Maxtmunt) 


Pe mr ar it a Nem ym 


12.9 
12.0 


32.0 


2a~31 
Ground 


Ground 


ss beetinhenabetetenaen dttttnatans boner nleehebenia ena dateniel 


PE Rete 


(#), (b) 


(a), (b) 
(a), (b} 


(a) 


{a}, {c) 
{d) 


R-3825-1 Section X 


EE ES AES SR i NR em ty are eh er ever A a ee re a EN mp HM 


Current 


Functional (Arrperes, Volts 


Description Maximum) DC Remarks/Notes 
5 Return, Ignition and Control 32.0 Ground (d) 
Power 
| Return, Jgnilion and Control 32.0 Croynd (dl) 
Power 
VW Supply, Ignition Power 20.0 22431 (a), (c) 
V Supply, Ignition Power 20.0 22-31 (a), (¢) 
W Spare Wire -- -- 
(1) x Command, Fuel Injection Tem- 0. 03 22-31 (a), (i) 
perature OK Bypass 
(1) | K Command, Mainstage Enable 4,08 22-31 (a), (i) 
| Y Measurement, Engine Cutoff ON 0.10 20-31 {c), (£) 
| vA Command, Fnigine Ready Bypass 0. 06 20-31 (a) 
a Measurement, Engine Ready 0.10 20-31 (e), {f) 
(2) b Spare Wire aa | ee 
(2) b {| Measurement, Mainstage OK (1, 12 20-31 (e), (f) 
No. 4, Precsuvized 
£ Spare Wire ~- | - 
| d Spare Wire -~ | -- 
(2) e Mainstage OK -- =~ (f) 
(2) e Measurement, Mainstage OK 0.12 20-31 (e), {f£) 
| No. J, Pressurized 
f Command, Engine Start 0.10 24-31 {a), Signal required J 
for 20 js inini- 
mim, tucn off 
j pr.or to engine 
Cutan. 
£ Spare Wire - an 
1 
h Spare Wire ~ oa 
7 Command, Engine Cutoff 0.30 | 24-31 (a), Signal required i 
} for 20 ms raini- 
nem, 
k Shield Return Hlectrostatic Ground | Connect to com- 
Shielding Polen- | mon grounding 
Current tial point in stage 
sg Il a Tee cma a ee hte ee eo He 


Figure 10-8, Electrical Interface Gsnncetie P51 (Sheat 2 of 2) 
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Section X R-38265- 1 


ee 9 nr re ar a Rete ne 


Code 
Functional 
Description 


ear 


Add 


a 


Delete 


Spare Wire 
Spare Wire 


Mcasurement, Control Assem- 
bly Temperature No, 2 


(2) 


Soere Wire 


Measurement, GSI Ignition 
Bus Monitor 


Measurement, Hellum Control 
ON 


Spare Wire 


Measurement, Control Assem- 
bly Temperature No, 2 


Spare Wire 


Measurement, Control Assem- 
bly Temperature No. 2 


H Spare Wire 


J Measurement, Ignition Phase 
Control ON 


K Measurement, Start Tank Dis- 
charge Control ON 


1, Command, Sequence Test, 
Simulation of Mainstage OK 
Pressure Switches 


Cemmand, Sequence Test, Igni- 
tion Detection Stunulation 


Spare Wire 
Measurement, Spare Monitor 
Spare Wire 
Spare Wire 


Messuremert, Mainstage Control 
ON 


Command, Component Test, 
Helium Control 

Coramand, Component Test, 
Ignition Phase Control 


Command, Sequence Teast, Fuel 
Injection Temperature Simu- 
iation 


2 ecm cana 2 ream 


Current 
{(Amperes, 
Maximum) DC 


ee il A LE 


0.0015 “o 


G, G03 24-3] 


i 
{ 
1 
t 


0.03 


mf 8 


Spare Wire 


mre 


ee ern a NT Sa ee 


hae 


Figure 10-4. EJectrical Interface Connector P54 (Sheet 1 of 4) 


10-16 Change No, 12 - 18 Ontober £972 : 


Soe figure 13-19, 


(f) 


{g) 


See figure 11-19. 


See figure J1-19. 


(g) 
(g), (1) 


(a), Not functiona! 
with fuel injection 
temperature sensor 
jumper receptacle 
installed, 


Ae SS ER Hts 


H-3825-1 Section X 


Current 

Functional (Amperes, Volts 

Description Maximum) ne Remarks/Notes 
Measurement, Mainstage OK 0.12 -- (x) 
No. 2, Depressurized 
Measurement, Mainstage OK 0.12 =n (sr) 
Ne. J, Depressurized 
Measurerienl, Engine Cutoff 0, 12 16-92 | (@), (Q), Under 
Lockin certain conditinng 


al aperation (sitmsu- 
Itareous application 
o} cuteff and en- 
tine ready bypass 
commands), the 
leakarze currert 
(one mijtiampere 
maxinium) in the 
"off" state will 
develop a voltage 
in the external 
mesGurement cir 
euit, The meas- 
urement circuit 
input resistance 


should he approx- 
imately 5, 900 
ohms, 

Measurement, Ignition Coraplete 0,12 -- (g), Indicates con- 
tinwously with a 
Gummy ignition 
deteetar probe 
installed. 

Measurement, Tenition ( omplete 0, 12 : -- (ud, (n) 

Spare Wire == am 

Conunant, Component Test, 0, 16 22-31 (a) 

Spark System No, 2 

Supply, Component Test Power 9.0 24-31 1 (a), (f), To be 


used as the de 
supply for compo- 
nent tests. 


Command, Component Teat, 0, 16 22-31 (a) 
Spark Syatem 


prereset rere int ihe ale Harr mass ree me i ll ly et, a Ee RRR “Fst 


Figure 10-9, Electrical Interface Connector Pd (Sheet 2 of 4) 
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Section % 
Code 
Add | Delete 
(2) 
(3} 
(3) (1) 
(1) 
(1) 
(1) 
(2) 
(2) 
(3) 
(3) (1) 
(1) 
10-18 


wireememererenmreve | emennenatine mene maieii 


R-3825-~1 


shh a itil sitar plier aE eS TO Re OE TN 


Functional 
Description 


ae ete Se eet rR mA, SPE Palen rrr 


Command, Cop.onent Test, 
Spark System No, 1 


Measurement, Oxidizer Tur- 
bine Bypass Valve Closed 


Measurement, Cxidizer Tur- 
bine Bypass Valve Open 


Start Tank Depreasurized 
Measurement, Spare Monitor 
Spare Wira 


Measurement, Fuel Infection 
Temperature OK 


spare Wire 
Mainstage OK 
Spare Wire 


Command, Component Test, 
Mainstage Control 


Command, Component Test, 
Start Tank Discharge Control 


| Measurement, ASI Spark ON 


| Measurement, GG Spark ON 


Start Tank Pressurized 
Measurement, Spare Monitor 
Spare Wire 

Supply, GSE Ground Refereace 


Measurement, Ignition Voltage 
Monitor 


Rt ON try re ws rere NH 


i tt 


Current 


(Amperes, 
Maximum) 


0,16 


Remarks/Noteg 


(g) 


(a), () 


(a), (1) 


{g) 


Renletance of 
measuring device 
must he 100,000 
ohms minimum, 


rier ine ry eed 


Figure 10-9. Electrical Interface Connector P54 (Sheet 3 of 4) 


Change No, 12 - 18 October 1972 


R-38625-1 SecHon KX 


Code Current 
Saeaen DeteLeenieaiiate Functional (Amperes, 
Add | Delete | Pin Deseription Maximum) Remarks/Notes 
P. Measurement, Control Assem- 9.0015 See fig te 11-19, 
bly Temperature No, 1 
(5) q Measurement, No, 1 GG fMpark -- Sec Measuring device 
Mantior firure resistance is 
10-3, 10,000 otins 110%, 
(5) q Measurement, No. 1 GG Spark oe Ses Meastiting device 
Monitor and Timer Multiplex figure resistance is 
| 10-3A, | 10,000 ohms +10", 
Yr Measurement, No, 2 GG Spark “- See Measuring device 
Monitor figure resistance is 
10-3, 10,000 ohms 310%. 
8 Measurement, Control Voltage 0, 0003 + Resistance of 
Monitor measuring device 
must he 160,000 
ahings minhuaum, 
t Measurement, Instrumentation 0. O01 “e (k) 
Return 
u Measurement, Control Assem- (h) on See figure 11-19. 
bly Temperature No. 1 
v Measurement, Control Assem- {h) a See figure 11-19. 
bly Temperature No, 1 
(5) Ww Measurernent, No, 2 ASI Spark “- See Measuving device 
Monitor figure resistance is 
10-3, 10,000 ohms +16%, 
(5) w Measurement, No. 2 ASI Spark -- See Measuring device 
Monitor and Timer Multiplex firure resistance ip 
10-3A. | 10,000 ohms +10%. 
(5) x Measurement, No. 1 ASI Spark ~ See Measuring device 
Monitor figure resistance Is 
10-3, 10,000 ohms +106, 
(5) x Measurement, No, 1 ASI Spark ~- Seu Measuring device 
i Monitor and Timer Mulliplex figure resistance is 
i 10-3A. | 10,000 ohms 310", 


Figure 10-9. Electrical Interface Connector P54 (Sheet 3 of 4) 


Change No, 12 - 18 Ortober 1674 10-18A/10-18B 


R-3825-1 Section X 


a= ee erst ioe st S fo re ranean te eee a 
Code Current ; 
Errante aerated Function! (Amperes, Volts | 
Adit Lalete | Pin Deseription Maximum) I> l Remirks/Notes 
, | Command, Component ‘Cust, 0,300 24-31 (a), Commanu 
: Lockout signal to be main- 
| tained throughoie 
| | component test, 
i 
| Fe Shield Return Klectrostatie | Ground | Yo be cornected 
| Shielding Puten- to commolh 
| | Current tan! grounding point 
L in stage systera. 
ereee eaten Pee ene cecmres cada ode np cmc ee te aeeetpeee preteen cnr AS yp 9 Ys RTE Peres mererenne were eras emmys etme Ag -Pewerweremmn mee mies te ee er eres A A 


Figure 10-9, Hlectrleal Interface Connector P54 (Snoee 4 of 4) 


Code Geen urret 
eer pie ee aly res,] Volta 
Ada ft Delete i Functional Deser iption Maximun) bc Hemarks/Notes 


a a a a ee arene tenn FO Neen dete | el ES NTE ey ee eI HA sete tenn on 


abe ame 


Spare Wire 


3.0 GN) | 
i] 


(4) A | Return, Mixture Ratio Control 
Valve 
14% R | Spare Wire -- ns 
(4) Bo | Voinmand, Mixiure iacko Con- 4.0 R “31 (a) 
trol Valve to Low EMR | 
(4) © | Supply, PU Valve Control | 0,3 ver Voulure meusured with 
Phase Voitapo loraph » spect lo connector 
lio-20. P38, pin BR. (see 
fivare 1G-14 ) 
(4) C | Spare Wire ' a is 
(4) Ly | Supply, PU Valve Control NA Para-  lCenter tap 
Phase Voltage graph 
| 19-20. 
(4) D | Spare Wire -- -~ 
| (4) E { Suuply, PU Valve Contre] G.8 Trara-  |Vollage measured with 
Phase Voliape gvapi respect to connector 
10-20, [P38,pin C. (See figure 
10-14.) 
{4} | Lb | Spare Wire om ae 
| | KF {| Spare Wire ae mit 


Ritchey tah ncl cima licarn meer nneese epee e ee lee 


nek eee eee e SEES AR denier RS Pt Lae 


Figure 10-1 Mlectrival Interface Connector P38 (Sheet 1 of 2) 
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Section X R-332%) -i 


connector P33, pin S. 


Senate etapa te cere es ee en nen tine sey emt german st mae nr 
code i ae Current | 
erway ley eerie | | (Amperes, | Volls 
3505 ‘ 
Add Delete {Pir Bundi tonal Degeription May uauni) DC Remacks/Nois 
aaa aS Ne nea a eet a chnas ase eel a lle Seat anit arcane 
(4) | Coptnwite Chece 5. u --  !Coutinuity juraper to 


(see ligure i0-14, ) 


i 
(4) % | Spare Wire -- -- 
(4) ff | Measurement, Potentiometer 300 4 Te 41.5 Voltage measured with 
| Norunal Tap, Foerdbach (maxi- jrespect to connector 
| Lait) m4, its Ll. 
(4) | H | Spare Vive == 7 
(4) J Measivement, Potentiometer 0.022 77.0 Voltaye incusuced with 
Grohad, Cvedback. (maxis [respect to connector 
mum)  {P38, pin L. 
(4) A Spare Wire -- “- 
| (4) Hn Measurement, Potentiometer 3U0 % ior? 77.4) Voltage measured with 
| Oulpal, Feedback (maxie Jvespeel to connector 
mum) jPSE, pur L, 
(#) oo} Spare Wire ae of 
(4) , | Measurement, Potentiometer 0, 029 77.0 
Tnput, Feedback {traxi- 
uum) 
(4) I, | Spare Wire -- - 
IM | Spare Wire oe -~ 
N | Spare Wire = “= 
(4) Po] Supply, PU Valve Fixed-Phase “- Para- |Voltage measured with 
Voltage graph  jrespect to connector 
7 .7-20, 1P38, pink. 
(4) P | Spare Wivo si ge 
(4) R | Supply, PU Valve Fixed-Phage -- Para- {Voltage measurcd with 
Voltage graph = [respect to connector 
10-20. {P38, pin P. 
(4) R | Spare Wire igs 12 
(4) S |] Continuity Check 5.0 ~+  [Continuily jumper to 
connector P38, pin G. 
(4) S | Spare Wire i ae 
(4) YT | Shield Return Klectro- [Ground |'fo be connected to com- 
stalic Poten- lmon grounding point in 
Shielding [tial stage sysiem. 


Current 


(4) 


ee et — 


Spare Wire iss 


Figure 10-10. Electrical Interface Connector P38 (Sheet 2 of 2) 
10-20 Change No. 11 - 25 May 197), 


R-3825-1 Section X 


neem petite eit te 


fa) ‘Twenty four to thirty one vde at any start prior to mainstage; 22-31 vdce after mainstage; 32 vde 
maximun, at initial voltage application for a period not to exceed 60 seconds; ripple voltage not 
to exceed 2. 1 volts peak, The maximum voltage transient limits inust be a 50- velt positive 
pulse witha time width of 10 microseconds and a repetition rate of 20 cps. 


(b) One of four parallel control voltage supply inputs having an aggregate maviaium current demand 
of 12.0 arnperes. 


(c) One of three parallel ignition voltage supply inputs having an aggregate maximum current de- 
mand of 20.9 amperes. 


(d) One of four parallel de power supply returns having an aggregate maximum current demand of 
32.0 ainperes, 


(eo) Voltage output may be somewhat less (2-4 volts) than control bus voltage due to furward voltage 
ctrops in diodes and transistors, 


(f) pone non must be taken to protect these circuits from any short circuit or overloading from 
Stage GSE. Ovecloading of these elrcuits can result in burnout of the ECA, 


(g) Circuit is protected by 260-olm series resistor; output voltage is a function of input resistance 
of measuring device. (Figure 10-13. ) 


(h) The current ba.ance for the three wires of the temperature transducer should be such that the 
line resistance is not mide a significant part of the measurement. 


(i) Signal requirec' for 20 milliseconds minimurn after the expiration of the STDV delay timer. 
()) Mintminn current with the measurement on is 0,005 ampere, 


(k) This pin must be isolated from system ground by a resistance of at least 10,000 ohms to keep 
the measurement current below 0,001 ampere, 


(1) Hower Crom connector P64, pin Y, must be used, 


(m) On engines not incorporating MD3£0 or MD381 change, pin M of connector P54 must. not be 4 
ieee when a signal As Y esenton pin W of Connector P54. A ihe lke ignition detector ee 


meee 


(x) This measureiment 4s connected to the control bus through a 250 ohm resistor and a diode, The 
title is retained for interface compatibility with previous electrical control asyemblies. 


OT crete besmnenenonehe enna ant —aw 


ams 


—— 


Figure 10-11, Notes for Electrical Intertace Connectors 
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Section X 


Engine Effectivity 


R-3825-1 


Code Pp roduction Retrofit 
(1) |.J-2075 and -~ 32-461 
subsequent 
(2) |J-208f and J +2025 J2-255 
subsequent 
(3) {J-2032, J-2052 | J-2025, J-2027, J2. 499 
and subsequent | J-2031, J-2033, 
J-2037, J-~2042, 
J-2046, J-2048, 
and J-2049 
J-2026, J-2028, 
J-2030, J-2035, 
J-2088, J~-2040, 
1-2041, J- 2043, 
J~2044, J-2045, 
J-2050, and 
3-206) 
(4) J-2036-1, J2-689 
J-2039-1, J-2048 
and subsequent 
(5) J=2039-1, J-2046 J2~708 
and subsequent 
Mgure 10-12, 
10-22 Change No, 12 ~ 18 October 1972 


204 Neletion of ECA unused 
ciurcuitry 


88 Redesign of ECA 


i8i 

163 Changes to helium and start 
tanks 

202 

366 Incorporation of two position 

sit ‘uixture ratio control valve, 


380 Redesign of ECA, 


es ee 


Vugine Effectivity for Electrical Interface Connectors 


R-3825~+1 Section X 


: 
Wis 
a! - 
2 » 
o tQ 
&| 2 
Be 
2? | ed 
£13 
ww 

Bi = OUTPUT VOLTAGE 


Yo =e INPUT VORSAGE 


i 
Qu = RATERNAL LOAD 


LO0n 2nd 
LOAD RESET TANCE, OiMs 


S206 


Figure 10-13, }telation of Minimum Monitor Output Voltage to Input Voltage and ‘External- Load Resistance 
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R-3825-1 


Section XT 
Contents 
Paragraphs 11-1 to li-4 


SECTION XI 


(NSTRUMENTATION SYSTEM INTERFACH DATA 


TABLE OF CONTENTS 


PARAGRAPH 


11-2 Instrumentation System....... Jl-1 
11-5 Desten Criterla,......0. .. L1-50A 
11-7 Pump Inlet Measurements .. 2. 
14-9 Turbopump Tachometers..... 11-51 
12-11 Valve Position Indicators. ... 11-52 
11413 Propellant Plow Measure- 


NCH danacainkeecee acne Pbeb2 
11-15 Interconnecting: Harness 

AssembHos . 2.006.002 ee) 11-52 
11-17 Pressure Menusurement,.... 11-52 


11-1. SCOPE, This section contains interface 
ilata for the primary and the auxtiary instru- 
mentation systems, 


11-2. INSTRUMENTATION SYSTEM, 


11-3. The basic Hight instrumentation system 
is composed of a primary instrumentation sys- 
tem cesiacd to include those parameters criti- 
ca) to all engine stotic fivings and subsequent 
vehicle launches, audan auxiliary system for 
use during the research and development and 
acceptance portion of the engine static-test 
peorram and initial vehicle flights, 


11-4, The auxiliary package may be deleted 
from the basic engine tnstrumentation system 


A te i LN i ne RA I a EI 


PARAGRAPH 


14-20 Temperature Measurement... 11-52 
11-24 $Stuge Static. Tost Measure- 
ments cece eee e eee eee ee I-04 
11-26 Gas Generator Overtemper- 
“ure ‘Fransducer Mating 
Connector to Cable Joint 
RequiyveiontS cence ee aae 
11-28 Instrumentation Power 
Requirements .. 2.466. 


11-54 


eae D155 


after the propulsion system has established its 
reliabllity during ceseareh and development 
vehlele fights, Design of the auxiliary package 
allows for deletion and/or substitution of param- 
eters deemed necessary as a result of additional 
testing, Eventual deletion of the auxiliary pack- 
age will not interfere with the reliability of 
measurement capability af the primary instru- 
mentation sysvam. The primary and auxiliary 
pavameters to be monitored are Usted in 

figures Li-1 thruugh 11-12. Notes and engine 
effectivity codes for these figures are contained 
in figures 11-13 aad tf-14. Tnstrumentation 

tap locations are shown in figure 11-15, anda 
complete instrumentation list is shown in 

figure 11-16. The complete engine-to-vehicle 
electrical and instrumentation interface is pre- 
sented schematically in figure 11-17. 
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Section XI 


A 


(6) 


(6) 


Ante Ln rs a 


R-3825-] 


Current 
Functional (Arnperes, 


Deseription 


Supply, Primary 
Instrumentation 
System Packape 
28 vde Power 


Supply, 28 yde 
Duplicate Power 
; Return for Pri- 
tary Instrumen- 
tation Systeni 


Spare Wire 


Supply, Primary 
Instrumentation 
Package 5 vde 
Power Return 


Prelaunch Heater 
Power 


Spare Wire 


| Prelaunch Heater 
Return 


Spire Wire 


Flight Heater 
Power 


Spare Wire 


Flight Heater 
Return 


Spare Wire 
Supply, 28 vde 
Comnion to 
Valve Switches 


Spare Wire 


nn 


Figure 11-1. Flight Instrumentation Interface Connector P105 


11-2 Change No. 7 - 4 December 1369 


Volts DC 


24-32 


Ground 
potential 


Ground 
potential 


24-32 


Remarks/Notes 
Bussed to eon- 
nector P106, 
pin M, 


Bussed to con- 
tiector P1166, 
pla N. 


Bussed to can- 
nector P106, 
pin R, 


Bussed to cun- 
neclor P106, 
pin 4% 


Not used 


Not used 


an mn Nem NY NN I 


‘il Funetional 


Descrintion 
Spare Wire 
Spare Wire 
Spare Wire 
Spure Wire 


Command, fuel 
Pump Interstage 
Pressure, 20- 
Percent Callbra- 
tion, Voltage 
Input 


Spare Wire 


Command, 
Thrust Charber 
Low~ Rane 
Pressure, 20- 
Percent Cali- 
bration, Voltage 
Input 


Command, Fuel 
Pump Interstage 
Pressure, 80- 
Poreent Calibra- 
tion, Voltare 
Input 


Spare Wire 


Command, ‘Thrust 
Chamber law- 
ltinge Preseure, 
80- Percent Cali- 
bration, Voltage 
input 


Spare Wire 


Spare Wire 


K-4825-1 


Range | (Ohms) 


Measureraent , 0+206)  ~- 

Fuel Pump Inter- psia 

stage Pressure, 

Signal Outpul 

Spare Wire caled -- 
gees te tee ee ee, 


Current 
{Amperes) 


= a 
—— —« 
-- ~— 


0.048 
t 
24-32 
24-32 


maxinunn 


on 


0,048 
mexinun 


0.048 
maximum 


as 


0.048 
maxinium 


(6.0 30 1) 
iz 
at 


Voits BC 


se. 


Section XT 


ed 


Remarks/ Notes 


(a) pin J; (e) 


(a) pin J; (ce) 


(b) pin J: (e) 


(b) pin J; (e) 


(c) 


precise carmen em Do ren py A 


Figure 11-2. Flight Insti umentation Interface Connector P106 (Shect 1 of 5) 
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11-3 


Section Xf R-~3825-~1 


Functhonal Re Current 
Deseription Range | (Ohms)| (Amperes) : Remarks: Notes 
Measurement, 0-30 -~ (5.¢ €.1) (c) 
Thrust Chamber | psia x 10°95 at 
Low-Range $& vde 
Pressure, 
Signal Output | 
Measurement, -300° { 200:2 | 1.5 x 1073 “- (cl) 
Primary Instru- to main 
mentation Package} +200° F 
Temperature, 
Siyymal Output 
Spare Wire nie me oy — 
Supply, Primary -- a 0, 750 24-32 Bussed to connec- 
Instrumentation Di viUp tor Plv5, pin A. 
Package, 28 yale 
Power (Redundant) 
Supply, Primary “ ~e 1,19 Ground Bussed to connec- 
Instrumentation maxiniun | potential | tar PLOS, pin B. 
Package, 28 vde 
Power Return 
(Redundant) | 
Spare Wire -- “- -* | -- 
Spare Wire -~ ~~ 7s 7” Bussed ty pin, 
Moasurement, see See (f) Ground 
Primary tnstru- pin K { pln K poteatial 
mentation Pack~ 
dee Temperature. 
Output Commen 
Measucement, 0- = (5.0 10. 1) 0-5 (c) 
Helium ‘Tank 3, 500 x 107? at 
Pressure, Signal psia 5 vele 
Output 
Command, Helium -- 9,948 | 24-32 (a) pin Ts (e) 
Tank Pressure, maximum | 
20-Percent Cali- 
bration, Vollage 
Input 
Command, Helium -- 0.048 24-32 (b) pin ‘Ls (e) 
Tank Pressure, maximum 
80~Pereent Cali- 
bration, Voltage 
Input 
Figure 11-2. Flight fnutmonventation iter face Connector P106 (Sheet 2 of 5) i 
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Code 


——- soma 


Add] Delete 


eee am 


Functional 
Description 


Command, uel -- 
Punp Discharge 
Pressure, 20- 

Percent Calibra- 

tion, Voltage 

fiiput 


Command, Fuel -~ 
Pump Discharge 
Pressure, 80- 

Percent Cabibra- 

tien, Voltage 

Ynput 


Supply, Primary -- 
Instrumentation 
Package, & vde 

Power Renken 
(Redundant) 


Measurement, Priq See 


mary Tabirumenta-} pin K. 
tion Packaye Tem- 
perature Input 

Comunon 

Measurement, Q- 
Start Tank 1,500 
Pressure psta 


Transducer 
Signal Output 


Command, Start -- 
Tank Pressure, 

20~ Percent 

Calibration, 

Voltage Input 


Command, Start ~~ 
Tank Pressure, 

80- Parcent 

Caltbration, 

Voltape Input 


Measurement, 0- 


Oxidizer Pump 1,500 


Discharge Pres- psla 
sure, Ssigual 
Output 


Range 


Current 
(Amperes) | Volts 
0,04¢ 24-3 
maxilmuni 

-- 0,048 24-32 


maxim 


ate (5.0 OU. 2) 0-5 


x InvF at 


5 vde 

os 0,048 24-32 
maxima 

~ 0.048 94.92 
maximum 

+ (6.0 10. 1) Q.5 


.? 
x 107? at 
5 vde 


Change No. 7 - 4 December 1969 


Section XI 


— 


| 
DC Remarks/Notes 


a 2 ee enter 


2 (a) pin f; (e) 


(b) nin f; () 


“+ 0.4 Ground ! Bussed to connec- 
masta potential tor P1IO5, por b. 
See (f) Ground 
pin K, potential 


(a) pin by (e) 


(b) pin bi {eo} 


11-5 


Section Xi 


ee ee a oY et Aga re 


Cocde 
Add | Delete ; Pin 


ree ene 


f 


for 


(1) j 


Te 


en ee ee er rr 


—— i 


Functional 
Deseription 
Measurement, 
Fuel Pump 
Discharye Pres- 
sure, Signal 
Output 


Command, Thrust 


Chamber Pres-~ 
sure, 20-Percent 
Calibration, 
Voltage Input 


Measurement, 
Gas Generator 
Chamber Pres- 
sure, Signal 
Output 


Meusursmant, 
Poel Turbine 
Infet Pressure, 
Signal Output 


Cominand, Cas 
Generator 
Chamber Pres- 
sure, 20-Percent 
Calibration, 
Voltage 


Command, Fuel 
‘Turbine Inlet 
Pressure, 20- 
Porcent Calibra- 
tion, Voltage 
Input 


Command, 
Oxidizer Pump 
Discharge 
Pressure, 20- 
Percent Calipra- 
tion, Vellage 
Tnput 


Command, Oxi- 
dizer Pimp Dis~ 
chacge Pressvre, 
80- Percent 
Calibration, 
Yoltage Input 


R-3825-1 


Range 


R 
) 


(Ohnis) 


ee ee oe 


Current 
(Amperés) 
(5.0 0.8) 
x 107° at 
5 vde 


0,048 24-32 


Wwasimum 


0,048 


0,048 24-32, 


maxi 


0,048 24-32 


neunimunr 


0,048 24~32 


maaimum 


re, 


Volts DC 


Remarks/Notes 


(c) 


(a) pin pife) 


{c) 


24-32 | (a) pin hj (e) 


(2) ple ec; (¢) 


(b) pin e; {e) 


ea A te 


Figure 11-2. Plight Instrumentation Interface Connector P106 (heet 4 of 5) 
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Change No, 7 - 4 December 1969 


1 


Code 


ramarmatrwene yee ame pn = re 


t+ 3825-1 


R 


Sectlon XI 


eesti an Funelfonal ) Current 
Add | Delete | Pin Deseription Range | (Ohtas)] (Amperes)] Volts DC Remarks ‘Notes 
n | Conunand, Thrust -- -~ 0.048 24-32 (b) pin p; ¢e) 
Chamba. Jros- maxinhum 
sure, 80- Percent 
Calibration, 
Yoltage Input 
p | Measurement, 0- -- (5.0 30.1) 0-5 (c} 
Thrust Chamber 1,000 x 1075 at 
Pressure, Signal | pela & vide 
Cutput 
{1} r | Command, Gas -~ -- 0.048 24-32 (b) pin hy (e) 
| Genorator Chan- maximum 
ber Pressure, 
80~ Percent 
Callbration, 
Voltage Input 
(1) ro | Command, Fuel -- “- 0.048 24-32 (b) pln h; (2) 
Turbine Inlet miaimum 
Pressure, 80- 
Percent Call- 
bration, Voltage 
Input 
8 | Shield Return me -- Electro- Ground 
stalic potential 
shieidin,: 
current 
Figure 11-2. Flight Instrumentation Interface Connector P106 (heet 5 of 5) 
' Current 
aman Pour Functional x (Amperes, 
A@d] Delcte | Pin Description Ranye | (Ohims)| Maxinuim){ Volts LC Remarks/Notes 
A } Spare Wirw -~ -~ -- -- 
BE | Spare Wire iis oF - am 
C | Spare Wire 77 - “- ~~ 
D i Spare Wire ~- a4 -- - 
(23) E | Supply, Propellant -- ~- 0.008 at 5.00 (j) 
Utitization Valve 5.0 vac 10, 50 
Position, Potenti- 
ometer, 5 vde 
(23) E | Supply, by fave -: -- 0.003 at 5.00 (4) 
RatioCo: jl Valve 5.0 vde 10,50 


Position Vatanti- 
ometer, S vde 


a ee a remem ewe tegrinti Pte = oe tememreet me 


a -I se oe tet de 


oe ae ee rere ee Pi me 


Figure 11-3. Plight Instrumentation Interface Conazctor PLOT Urheel 1 of 4) 


Chanze No. ti - 


2) May 1971 


Section XI R-3825-1 


Current 
(Amperes 
Maxtinum; 


Ah a I 


Functional 
Description 


A er ay 9 a Amn 


Add | Delete | Pin 
i 


Volts DC 


— 


Spare Wire 


— 


G | Spare Wire 
H | Supply, Start 0.003 at | 5.00 | 
Tank Discharge 5.0 vde 40, 50 
Valve Posilion, 
Potentiometer 
5 vie 
J | Spare Wire -- 7 
K | Spare Wire ~ -- 
L | Spare Wire -- -- 
M | Supply, Oxt- 0.005 at 5,00 
| dizer Turbine 5.0 yde +0. 50 


Kypass Valve 
Position, 
Potentiometer 
§ vac 


Spare Wire 
Spare Wire 
| Spare Wire 
0.003 at 


Supply, Gas 


Generator Valve 5.0 vde 10,50 
Position, Poten- 

tiomieter § yvde 

Measurement, Fue 0.0625 

Bleed Valve Posi- 

tion Closed 

Supply, Main 0,003 at 

Oxidizer Valve 5.0 vde 


Position, 
Potentiometer 
5 vde 


0.6003 at 
5.0 vde 


Supply, Main 
Fuel Valye 
Position, 
Potentiometer 
§ vde 


1 


Ficure 11-3. Flight Instrumentation Interface Cannector P107 (Sheet 2 of 4) 
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24+32 
5,00 
20, 60 
5,00 


Eg 


Remarks /Notea 


(i) 


(1) 


(j) 


(i) 


Add Delete 


een 


R-3825-~1 Section XI 


functional 


Pin Description 


AS] Oxidizer 
Valve Position, 

Open 
X | Measurement, Open- ~« 5x 10-5 (j) 
Oxldizer Turbine Clused at 8 vde 
Bypass Valve 
Position, 
Potentlometer 


0 ta 
§.5 


| % | Measurement, On-OH | -- 0.0625 24-32 (i) 
i Oxidizer Bleed 
Valve Position, 


Closed 


(i) 
} Main Oxidizer 

Valve Vosition, 

Open 


Mensureinent, On-Off | -= 0.0626 24-32 


I> 


Main Oxidizer 

Valve Position, 

Closed 

24-32, 


Measurement, On-Off | -- 0.0825 (i) 


{nm 


a | Measurement, On-Off} «+ 0.0825 24-92, 
Start ‘Tank 

Discharge 

Valve Position, 


Open 


Start Tank 
Discharge 
Valve Position, 
Closed 


Measurement, Open- “ne 5 x 1075 0 to 
Propellant Closed at 5 vde 5.5 
Utiization Valve 

Position Poten- 

tlometer 


ja 


¢ | Measurement, Open- [ -- 5x10 0 to 


Mixture RatioCon-| Closed at 5 yde 5.5 
trol Valve Position 
Potentlometer 


f{ | Spare Wire “- ~~ —_ an 


g | Measurement,Gas! On-Off] -- 0.0625 24-32 
Generator Valve 
Position, Open 


ds | Measurement, On-~off ~~ 0.0625 24-32 (4) 


0) 


ear eh 


Figure 11-3, Flight Instrumantatian Interface Connector P107 (Sheet 3 of 4) 


Change No. 1] - 25 May 1971 


Current 
ti 9) (Amperes 
; Maximum)! Volts DG Remarks/Notes 
W | Measurement, On-Oif | -+ 0.0625 24-32 
! 


CR hme i ay Rent ay 


11-9 


Seetlor Ry 


ane veto iee 


re 


Figure 11-3. 


8b eee ee ees 


Code 


rman 


| 
| 


me 


eee eee 


Figuee 1-4, 


11-10 


k 


Li 


f 


= 


8 | Spare Fin | 


Oe eee ed aE LTTON, oO 


yr sees ol momen entice es renner me pe =n aie eee 


Adu [ Deinte Pin 


4 


Pin 


| Me surement, 


Change No, 7 + 


a a ee er 


R-3BAG-1 


ce toe mene ete a 


Functional lt, 
Keser Aption HKange | (Ohms} 
Meesur arent, Open- et 


Main Oxiciaer Closed 
Valve Position, 
Peienticmeter 
Open- | -- 
Closed 


Measurement, 
Start J'ank 
Dischurge Vaive 
Position Poten- 
tiometer 


On-Off 
Main Fuel Velve 
Position Open 
Measurement, On-Off 
Main Fuel Valve 

Position, Closes 


Measurement, 
Gas Gonerutor 
Valve Position, 
Cloged 


| On-Off 


Measuredent, Opou- 
Car Generator Closed 
Valve Paaltton, 
Pulentiometer 
Mearucement, Open- 
Malin fvel Valve Closed 


Posliiou, Polen- 
tometlor 


Funelicnet 
Deseription | hange 
yesh pebens “yeoman 


Spare Pin 


uv 


Spare Pin 
Spare Phir 
Spare Fan 


duare Why 


4 Decambor 1949 


(Ohms) 


- 


‘Seg, ry PE pty PP 7 ea rE ast yf 


SP a tee 


Chrrent 
(Aunperes 
Muxtinum) 


Sar 40-53 
at 5 vde 


5x 10-5 
at 5 vde 


0, 0625 


0.0628 


5x 1975 
at 5 vdc 


el pare ere 


Curcent 


(Amperes) 


OO te ee BL 


a ERIE RN pe aeis eke} [AP RGA ot eres avg netperay: 


0 te 5 
0 to 6.5 
24-32 


as 
a 


240% 
@ to 5.5 


0 to 5.5 


we oe 


| 


Volts DC 


nm 


Vous BC 


Roemarks/Notes 


RAR rotate tit 


j) 


(}) 


(i) 


(1) 


re RS ae RENN, Cette Aaa 


Flight instrumentation Interface Connector P107 (Sheet 4 of 4) 


re er er a a 


Remarks/Notea 


a 


ET si 


Fight Instrumentation Interface Connector #103 (heel 1 of 7) 


Adel 


Functional 
Delete Pin Description 


Measurement, 
Start Tank Cas 
Temperature, 
"A" Sensor, 
Sensor Output 


Measurement, 
Start Tank Gas 

| femperature, 

"B' Sensor, 

Sensor Output | 
I Measurement, 
Start ‘Tank Gas 
Temperature 

“A'’ Sensor, 

Fnput Common 


J | Measurement, 
Start ‘Fank Gas 
Temperature, 
“A™ Sensor, 
Output Common 


Measurement, 
I Start Tank Gas 
‘Tomperamre, 
HY Sensor, 
tot Comnon 


Start ‘lank Gas 
} Leinperehaee, 
"TS Sensor, 


Without Cemmon | 


Measurement, 
{ftelium fank Gap 
Tesnporarure, 
I Sensor Craitput 
N | 


Measurcment, 
QOxidizer Pump 
Disebar ge 
Temperature, 
"R' Lensor, 
Tnoput Common 


| 

| 

| 

| 

| 

I 

| 

| 

| 

| 
oa 
| J, } Measurcaient, 
| | 
| 

| 


Fiyure Lies 


R-3825-1 


{Ohnis) 


Range 


| 
1,256 


- 350° to| 
100° F 46 
350°to| 1,256 
+100°F | 16 
see See 
pinG. ; pin G. 
Sev see 
pin G, | pin G. 
Sec See 
pin H. | pin H. 
Ser See 
pin A. | pin i. 
~350' ta} 1,256 
6100°) | 16 
See See 
pins, | pins. 


ee ee —: 


Current 
(Amperes) 


rekamuin 


8.3.x 10-4 
maximum 


\f) 


{f) 


(f) 


Nn 


8.3 x 10-4 


maximuin 


Chante No, 7 - 4 December 1969 


Section XI 


rere ae arma 


Volts DC Remarks/Notes 


ere ee 


vd) 
(d) 


Ground 
potential 


| 
| 
: 


Ground 
potential 


Ground 
potential 


Ground | 
potential | 
| 
| 


0.384 
maximum 


Ground 
potential 


2 eee Secinsis sles ene ed 0 re anne ay perme mrteeee NER 


1, Flpht Instrumentation Interface Connector P108 beet 2 of 7) 
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Section XI 


ee ee neta er eR ek tae 


Code 


11-12 


Add | Delete 


Change No, 


Pp 


R 


ene. 


Fignave 11-4, 


Pin 


Functional 
Description 


erection 


Measurement, 
Oxidizer Pump 
Discharge 
Temperature, 
"3" Sensor, 
Output Commor 


Measurement, 
| Fuel Pump 
Pischarge 
Temperature, 
"B" Sensor, 
| Input Common 


Measurement, 
Shh Pump 
ischarge 
Temperature, 
"B" Sensut , 
Output Common 


Measurement, 
Oxidizer Pump 
Discharge 
Temperature, 
"BR" Sensor, 
Sensor Output 


Measurement, 
Helium Tank 

Gas Temperature, 
Input Ceminon 


| 
Measurement, 
Helium Tank 
Gas Temperature, 
Output Common 


Measurement, 
Fuel Purup 
Discharge 
Temperature, 
“R" Sensor, 
Sensor Output 


Measurement, 
Oxidizer Pump 
Discharge 
‘Temperature, 
“AU Sensor, 
Input Common 


—. a 


R-3825-1 


R 
0 


i Range 


See 

yin Ss 

See toe 
pin V. | pin V. 
| 


See | soe 
pin y, {Bin Vv. 


-300°to 
-250° F 


1,256 
1G 


See i See 
pin M. | ptn M. 
{ 

See see 


pin M, 


-425 to] 1,256 
~400° F " 


See 
pinh. 


SHE 
pinh. 


bead 


%~ 4 December 1969 


(Ohms) 


pin M. 


Current 
(Ampesrus) 


(f) 


5.8x 1074 
Sadi 


." 
| 
E 


4.7% iu-4 
maximum 


2 eee 


light Mnstemmentation Interface Connector P1198 (Sheet 3 


a —— 
a a a ee 


2 ieee ernest ene, fe 


Volts DC 


Ground 
potential 


Ground 
potential 


Ground 
potenfial 


0.214 
raaximum 


Groung 
potential] 


Ground 
potential 


6.49 

a) 
x 1074 
maxirum 


Greanl 
potent.al 


| 


Remarks/Notes 


fa) 


re ie 


of 7 


h- 3625-1 Section XI 


. page me ae | aE nnn i yy rn ees 
rode ‘ : It 
sis a Code Functional fs) Current 


Pa 


one os ve 


Ground 
potentiai 


Delete Pin Description Range (Ohms) (Ampere s) | Volts DC Remarks/Notes 


X | Measurement, See Se (f) 
Oxidizer Punp pin hb. Hh b, 
Discharge a 
Temperature, I 
“A'™ Sensor, 
Output Common 


“4 |Measurement, see See 
Fuel Pump 
Discharge 
Temperature, 
"A" Sensor , 
Input Common 


: 


pine. | pine, 


a |Measurement, 
Fuel Pump 
Discharge 
Teniperature, 
"A" Sensor, 
Output Common 


Y ;Spare Pin -- ae 
| potential 


pine, | pine, 


7.0 x 1074 
maximiun 


Measurement, ~300° to) 1,256 (d) 
Oxidizer Pump ~250°F 46 
Discharge 
Temperature, 
"A" Sensor, 


Sensor Output 


see See 
pink. | pink. 


(19) 
(20) 


i 

| Measurement, 
Fuel Turhine potential 

Inlet Temperature 


Input Common 


Spare Wire -- 


| L 
| 
| ff) Ground 
| potential 
| 

See See | (f) Ground 
i 
| 
| 
| | 
| | 
| 
7 Ground | 


Measurement, Sce See {f) Ground 
Yuel Turbine pink, | pink, potential 
Inlet Tempera- 7 ~ 

inure, Output 

Common 


(18) | (19) | d 
(20) 


Spare Wire -- “+ “~ “s 2 


4.7x 10-3 = (a) 


e | Measurement, «425° to) 1,256 
inwaAimunt 


Fuel Purnp -400 FI 36 
Discharge 

Temperature, 

"A" Sensor, 


| Sensor Output 


Figure 11-4, Flight Instrumentation Interface Connector P108 (Sheet 4 of 7) 
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Section XI R-3825-1 


ep re RN 


Code Functional | KR, Current 
Add| Delete; Pin Description Range |{(Ohbms)| (Amperes)| Volts BC Remarks/Nates 
(18) Measurement, See (f) | Ground 
(21) Oxidizer Turbine | pin m. potential 
Outlet Tempera- 
ture, Input 
Common 
(19) | ! Spare Wire “em -- “~ -- ~~ 
(22) 
(18) Measurement, See See (f) ( Ground 
(21) Oxidizer Turbine | pin im. jpinm. potential 
Outlet Tempera- | 
ture, Output 
Common | 
(19) | # | Spare Wire ~- -~ -~ _ -- 
(22) 
(18) Measurement, See See (f) Ground -- 
Oxidizer Turbine | pin, jpinr. potential 
Inlet Tempera- | 
i fure, Input | 
Common 
(18) (19) | h | Spare Wire -- ~- | -- -- -- 
(20) | 7 | 
(19) (18) ; | Measurement, | See See (f) Ground 
(20) Oxidizer Turbine ; pinr. j{pinr. potenticd 
Inlet Tempera- 
ture, Output | | 
Connon i 
(18) (19) j. | Spare Wire ~- -- -- ae -~ 
(20) 
(19) (18) Measurement, 0°tw 50 32 1.5% lo-4 “- (ad 
(20) Fuel Turbine 1,800" F maximum 
Inlet 'Tempera-~ 
ture, Sensor 
Ouipul 
(18)} (19) Spare Wire . ~o -- ~s ~~ 
(20) 
(J9) (18) Measurement, 0° to 50 42 1.5x 107? -- (a) 
(24) | (21) Oxidizer Turbine | 1,006°F maximum 
Outlet Temperae 
lure, Sensor 
Output 
(18) (19) Spare Wire “s ~~ ~- -- “™ 


(21) | (22) 


mb ee neering ee cepts f= stree meee A meee. S enameaeenmhcanaciaceaatailietaenianientieiials 


Figure 11-4, Flight Instrumentation Interface Connector P108 (Sheet 5 of 7) 
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ae 


(19) 
(20) 


(18) 


| 


Code 


(18) 


{19} 
(20) 


Functional 
Description 
Measurement, 


Thrust Chamber 
Jacket Tetnpera- 
ture No, 1, Input 
Common 


Measurement, 
Thrust Chamber 
Jacket Tempera- 
ture No. 1, 
Output Common 


| Measurement, 
Oxidizer Turhine 

Inlet Temperature, 

Sensor Output 


her} 


is 


Spare Wire 


Measurement, 
Thrust Chamber 
Jacket Terapera- 
ture Nu. 2, 
Sensor Output 


Measurement, 
Fuel Injection 
Temperature, 
Sensor Output 


Mcasurement, 
rhrest Chamber 
Jacket Tempera- 
ture No, 1, 
Sensor Output 


Measurement, 
Thrust Chamber 
Jacket Tempera- 
tuse No, 2, 
{Input Common 


i< 


Measuremeul, 
Fuel Injection 
Temperalurc, 
Input Common 


ix 


Measurement, 

Thrust Chamber 
Jacket Termpera- 
ture No, 4, Out- 
put Common 


Seok a ae ty gee 


R- 3825-1 


Range 


See 
pinu. 


See 
pin u, 


-425° to 
+100°F 


-425°to 
-100°F 


~425°to 
+J00°R 


See 
pin s. 


See 
pint. 


Seo 
pin 5. 


Section Xi 


(Ohms) | (Amperes) | Volts DC Remarks/Notes 


See (f) 

pin u. 

See | (f) 

pin u. 

5032 «| 1.5 x 10-3 
maximum 

1,256 | 4.7.x 10°83 

8 maximum 

1,256 4,7 x 1073 

48 maximum 

1,256 |4.7x 1073 

1§ maximum 

See (f) 

pins s, 

See (f) 

plut. 

See (f) 

pins, 


Ground 
potential 


Ground 
potential 


(a) 


(ct) 


Ground 
potential 


Ground 
potential 


Ground 
potential) 


ne en ee + le recente te nara SS 


Figure 11-4. Flight Instrumentation Interface Connector P108 (Sheet 6 of 7) 
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11-45 


Section XI R-3825~-1 


Funcfional 0 Current 
Delete Pin Description Range | (Ohms) (Amperes) Volis DC Remarks/Notes 
y | Measurement, See See (f} Ground 
™ 1 Fuel Injeetion pint, | pint. potential 
“temperature, ~ ~ 
Output Common | 
zy | Shield Return “= ~~ Electro- Ground 
static potential 
shielding 
current 


Figure 11-4, Flight Instrumentation Interface Connector P108 (Shect 7 of 7) 


ee rh re ret errs mee A ea ee 


Code ‘ 
plain er Functional Current 
Add “| Pin} Desc ription Range cial | ee es) Volts AC Hemarks/Note 
A “Canina: Fuel | 0.02 maxi-| 9-11 peck 
Pump Tachometer mum at at 5,350 
| Checkout Second- 10 volts 45 cps 
ary Voltage Input peak refer- 
| ancec to 
| pin B 
| B ; Command, Fuel -~ .- 0.02 maxi-! 9-11 peak 
' Pump Tachometer mum at at 5,850 
| Checkout Second- 10 volts 15 cps 
| ary Voltage Input poak refer-. 
enced to 
| pin A 
| C | Measurement, gs =~ Ex 19°38 1-8 peak | 1/5 x rpm is 
Fuel Puinp 30,000 | al $ vaults at rated frequency ouiput 
Tachometer rpm | poak with speed in eps; (g) 
Primary Signal 1,000-ohm]  refer- 
| Output load eaced to 
pin D 
{ 
D | Measurement, 5,000-| -- |5x10°5 | 1-8peak |1/5x 2pm is 
Fue) Pump 30,000 at 5 volts | atrated | frequency output 
Tachometer, rpm peak with spred in cps; (g) 
Primary Signal 1,000-ohm{  refer- 
Output load enced to 
pin C 
F | Command, -- 7 0.02 maxi- 9-11 peak 
Oxdizer Purp mum at at 1,920 
Tachomeiler | 10 volts 2 Ups 
Checkout Second- peak refer- 
ary Voltage enced to 
| Input | pin F 


Figure 11-5. Flight Instrumentation Interface Comector V109 (Stent 1 of 3) 


11-16 Climnge No, 7 - 4 December 1369 


4 


lt- 3825-1 Section XI 


Sere aoe rr cc a ee 
ile ih a Functional Ry Current 
Add] Detete Pin | Description Range (Ohms) _(Amperes) _Valts AC Remarks/Notes 
| F | Command, Oxi- -- | -- 0.02 maxi-| 9-11 peak 
dizer Pump mum at at 1,920 
Tachometer | | 19 volts 42 (DS 
Checkout Second: peak referenced 
ary Voltage Input | | | to pin & 
G | Measurement, 1,000-;  -- 5x 1073 1-8 peak at | 1/5 x rpm is 
Oxidizer Pump 13,000 | at 5 volts rated speed | frequency output 
| Tachometer, rpm peak with referenced [in cps; (g) 
Primary Sigal 1,000-9ohm ! to pin 
| Output load : 
H | Measurement, 1,000-| -- 5 x 1073 1-8 peak at {1/5 x rpm is 
Oxidizer Pump 12,000 at 5 volis rated speed | frequency output 
Tachometer, rpm peak with referenced | in cps; (i) 
| Primary Signal | 1,000-9hm | to pin G 
| Output | load 
i 
J | Command, Fuel -- -~ 0.02 maxi-| §-11 peak at 
| Flowmeter Check~ | mum at | 200 40,2 cps 
out, Secondary 10 volts referonced 
Voltage Input peak | to pin K 
K | Command, Fuel -~ re 0.02 maxi-} 9-41 peak at 
| Flowmeter Check- mum at 200 10.2 cps 
vut, Secondary 10 volts referenced 
| Voltage peak to pin J 
I, | Spare Pin -~ -~ “- ~~ 
M { Spare Pin | we -- == -- 
N | Measurement, 1,000- -~ 1x 1074 1-5 peak at | 7.8 pips per 
Fuel Flowmeter, 10,000 at 3 volis | rated fiow | gallon nominal: 
Primary Signal gpm peak with referenced (h) niaximun 
Output 3,000-ohm! to pin P current 6 x 10-3 
| lowed amperes 
. (1) 
| P | Measurement, 1,000- -- 1x 1073 1-5 peak at | 1.8 pips per 
Fuel Flowmeter, 10,000 at 3 volts rated flow | gallon nominal; 
Primary Signal epi peak with referenecd | (b>) maximum 
Output 3,000-vuhm} to pin N current 6x 1074 
load alperes 
(I) 
R | Command, ~- “- 9.02 maxi-} 9-31 poak 
Oxidizer Flew- mana at at 200 
meter Chechou . JO volts 0.2 eps 
Secondary Volt- peak referenced 
ape Input to pin § 


steno Ne ld 


Aa merece En ten nee a a Ye a Neate re SA fey 


Vigure 11-5, Flight fosteomentation Interface Connecter P109 (Sheet 2 of 3) 
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Section XT R- 3826-1 


daneoen Functional | 
Add | Delete Piny Description | _Range (Ohms) 
§ | Command, Main -- =o 
Oxidizer Flow- 
meter Checkout, 
' Secondary Volt- 
age Input 
Y | Measurement, 300- -- 
Oxidizer Flow- 4,000 
| meter, Primary gpm 
| Sional Output 
| U | Measurement, JO00- -- 
Oxidizer Flow- 4,000 
meter, Primary py 
Signal Output 
V | Shield Return | -- -- 


Figure 11-5, 


Functional 
Deseription 


&dd 


1,000-| -- 
10,900 
gpm 


A | Ground Measure- 
ment, Fuel Flow- 
meter Signal 
Output 


Bi Ground Measure- 1,000- -- 
ment, Fuel Flow - 
meter Signal 


Onfpul 


CC} Ground Cominane, 
Fuel Flowmeter 
Checkout. Voltage 
Input 


D} Ground Command, 
Fuel Flowmeter 
Checkout, Voltage 
Tnput 


— “lh 
Range | (Ohms) 


Current 
(Amperes} 
0,62 maxi- 
mum at 
10 volts 
poak 


ix 1973 
at 3 volts 
peak vith 
3,000-ohm 
load 


tx 10°73 
at 3 volts 
peak with 
3,000-ohm 


Flight Instrumentation Interface Connector P109 (Sheet 3 


Current 
(Ainpercs) 


1,0 x 5073 
at 3 volts 
poak with 
3, 000-ohnt 
load 


1.0.x 10-3 
at 3 volts 
peak wilh 
3, 000-ohm 
Inad 


0.02 raxt- 
min at 

JO volts 
peak 


G,02 maxi- 
min at 

10 volts 
peak 


eee mine ol meattnneitieen eee eh ee eee 


Figure 11-6, 


11-18 Change No. 8 - 1 May 19%0 


Volts AC 


9-11 peak 
at 200 

0.2 eps 
referenced 
to pin R 


1-5 peak at 
rated flow 
referenced 
to pin U 


1-5 peak at 
rated flow 
referenced 
to pin T 


Voits AC 


1-5 peak 
at rated 
flow refer. 
enced to 
pin B 


1-5 peak 
at rated 
flow refer- 
enced to 
pin dA 


9-11 peak 
at 200 

0,2 cps 
roferonced 
tu pin D 


8-11 peak 
at 200 

10.2 cps 
referenced 
to pin C 


rey ete 


Flight Instrumentation Interface Connector JLIDA 


Remarks/Notes 


5.5 pips per 
gallon nominal: 
(h) maximum 
current 6 x t0- 
amperes 

(m 
5.5 pips per 
gallon nominal}; 
(h) maximum 
current 6 x 1073 


ee 


load amperes 
{m) 

Electru- Ground 
static potential 
shielding 
current 

of 3) 
Bao See ee ye 


Remurks ‘Notes 


1.8 pips per 
gallon norinal; 
(h) 


1.8 pips per 
gallon nominal; 
(h) 


R-3825-1 Section XI 


—_—— Functiona] ae Current 
Add Tpetete Pin Nescription Range | Ohms) | (Amperes) | Volts AC Remarks/Notes 
A | Ground Measure- | 300- oe 1.0x 1073 | 1-S peak | 5.5 pips per 
ment, Ovidizer 4,000 at 3 volis at rated gallon nominal; 
Flowmeter Signal | ¢pm peak with flow refer- | (h) 
Oulput 3,060-ohm | enced to 
load pin B 
B {Ground Measure- | 300- -- 1,.0x 30°39] 1-5 peak §.5 pips per 
ment, Oxidizer 4,000 at 3 volts at rated gallon nominal, 
Flow sneter Signal | gpm | peak with flow refer~|! (h) 
| Output 3,900-ohm |} enced to 
load pin A 
C | Ground Command, -- ~- 0,02 maxi-| 9-11 peak 
Oxidizer Flow- mum at at 200.0 
meter Checkout. 10 volts 0.2 eps 
Voltage Input ; peak referenced 
| to pin D 
D | Ground Command, a 0.02 maxi-| 9-11 peak 
Oxidizer Flow- mum at at 200.0 
meter Checkout, 10 volts 0.02 cps 
Voltage Input peak referenced 
L ta pin C 


Figure 11-7. Plight Instrumentation Interface Connector J11L1A 


Remarks /Notes 
Bussed to con- 
nector P154, 
pin U, 


Supply, Auxiliary -- 1,44 maxi-| 24-32 
Listromentation 


Package, 28 vde 


mun 


Bussed to con- 
nector Pi54, 
pip c. 


Supply, Auxiliary 
Instrumentation 
Package, 28 vde 
Return 


mum potential 


Hussed to con- 
nector P154, 
pin N. 


C | Spare Wire 


Buescd to con- 
nector P1154, 


“+ O,1 maxi- | Ground 
WNL potential 


ID | Supply, Auxiliary 
Instrumentation 


Package, 5 vde pin T, 
Return 

(6) FE | Prelaunch Hester -- -- wo =m Not used 
Power 


Functional oO Current 
Description Range | (Ohms) | (Amperes) | Volts DC 


(6) ht Spare Wire ~ 


| 
ae =2 | 2.32 maxi-| Ground 


ie Err ee dren a te re ee tr tent tit ee seer 


Figuee 11-8, Might Instrumentation Interface Connector P153 (Sheet 1 of 2) 


—_—— 


ae Femara tereerere on ok remit seein wi thninaiain RD 


Change No, T- 4 December 1969 11~39 


R-382 5-1 


Section XI 


F | Prelaunch Heater} -- 
Retyuin 


Ff Spare Wire “- 


(6) G | Flight Heater ae os on 
Power 
(€) G | Spare Wire in sis eet 
(8) H | Flight Heater = oo — 
Return 
(6) H | Spare Wire “- = 


J | Spare Wire ~~ 
K 3 Spare Wire -~ 
Spare Pin = 
Spare Pin ~- 
Spare Pin ~- 


Spare Pin -- 


a a 


Figure 11-8, 


Functional 
Add {| Delete | Pin Description 
A {Spare Wire 
RB | Spare Wire 


Comrnaand, POS 
Dummy Pressure 
Transducer @0- 
Percent Calibra- 
tion and Checkout 
Voltage Inout 


Spare Wire 


Spare Wire 
Spare Wire ne as | nee 


spare Wire 


fia ee TR RI 


re ne re 


Figure j1-9, 


(1-20 Change No. 7 - 4 December 1969 


Funetional iy Current 
Pin] Description Range | (Ohms) (Amperes) 


se es te 


Flight Instrumentation Interface Connector 


Vals DC ue | Remarks/Notes 


Not used 
| | 
| 
{ 
| 


Not used 


Not used 


| 
= 


rae aera te nt EE A Re gt ree 


Flight Instrumentation Interface Connector P153 (Sheet 2 of 


Current 


‘es) | Volts DC Remarks/Notes 
| 
| 


- 
x4 
-_| 


P154 (Sheet 1 of 8) 


en 


R-3925-4 Seation Xf 


ee Aree en: ene ee ye RE tin RENE 


Current 
(Amperes) 


Functional 


= Pin Description Range Volts DC | Remarks/Notes 


cen ae tet meres mt fe em ee a AN Ye Ege et te 


Command, P195 -- -~ Dummy 


Dummy Trans- 
ducer, 20-Percent 
Calibration, Volt- 
age Input 
Measurement, Dhunmy “e Dummy 
P195 Dummy 
Transducer, 
Signal Output 
j 


Comtnand, Pi96 ial 
Bummy Trans- 

ducer, 80-Percent 
Caltbr- ion, Volt- 

age Inpul 


Mousurement, Tummy 
P196 Dummy 

Transducer, 

Signal Cutput 


Zz 


c *~ 


tor P153, pin Cc. 
24-32, 


(a) pin V; (e) 


> 


Command, PU ~ = 0.048 
Valve Inlet Pres- maximum 
sure, 20-Percent 

Calibration, 

Voltage Input 


M | Measurement, Dommy| -- Pon 
(23) 


- Tim y 
~ Dummy 
om Dummy 
P197 Dummy 
Transducer, 
Signal Output 
Spare Wire ~~ -- == me Bussed to connec- 
t 


24-32 {a) pia V; (a) 


o 


Command, MRCV -" o 0. 048 
Inlet Pressure maximum 
24-Percont 

Calibration 


24-32 cb} pin ¥; (e) 


mJ 


Command, PU =~ -- 0.048 
Yalve Inlet Pres~ maxlnvure 
sure, §0-Percent 

Calibration, 

Voltage Input 


P | Command, MRCV “~- ated 0.048 24-04 
Inlet Pressure maxlinin 
80-Percent 


(b} pin V; (e) 


Calibration 


at mee ene rr area er RR Py errr er rae Ra rer Ni eee 


Figure 11-9. Flight Instrumentsgtion Interface Connector P14 (Sheet 2 of 8) 


Change Mo, 11 = 25 May 1971 11-2) 


Scaction XT 


eam! eee reer en, 


ueuuceeoae Functional 
Add} Delete] Pin Description 


Dummy Trans- 
ducer, 20-Percent 
Calibration, 
Voltage Input 


Command, P197 
Dummy Trans- 
ducer, 20-Percent 
Caltoration, 
Voltage Input 


Command, P197 
Dummy Trans- 
ducer, 80-Percent 
Calibration, 


Voltage Input 


Supply, Auxiliary 
Inatrumentati on 
Pacaage, 5 vde 
Power Neturn 
Redundant 


T 


Q | Command, P196 
Supply, Auxiliary 
Instrumentation 
Package, 28 vdc 
Power (Redundant) 

Measvrement, PU 

Valve Inlet Pres- 

pure, Signal Output 


Measurement, PU 
Valve Inlet Pres- 
gure, Signal Qutput 


Measurement, 
MRCV Inlet 
Pressure 


Measurement, PU 
Valve Cutlet Pres- 
eure, Signal Output 


Measurement, 
MRCY Gutlet 
Pressure 


C maeet POUL rides wee rare * 7: 


41+22 


R-3AZ5-1 


Current 


maximum 
oe 1,44 
maximum 
- (5,0 40,1) 
1,000 x 10-5 at 
psia 5 vde 
)- (5.0 40.1) 
1,500 |x 107° at 
peia f vde 
0- on (5.0 20, 1) 
1,560 x 1075 at 
psia 5 vde 
0-509 “- (5.0 20.1) 
psia x 10-9 at 
5 vde 
(0-500 -- (5.0 2), 1) 
x 10-5 at 
5 vde 


Aa Ae sr eR 


Change No, J1 ~ 25 May 1971 


RTE cetera: 


Volts DC 


Greund 
potential 


24-32 


0-5 


Figure re #, Flight Inatrumentation Interface Connector P154 (Sheet 3 of §) 


Ao SRR a 


Remarks/Notes 


Dummy 


Dummy 


Dummy 


Bussed to 
connector P1i53, 
pin D. 


Busaed to 
connector P]53, 


pin A, 


(c) 


(¢} 


(c) 


(c) 


Cade | 
Add | Delete |Pin | Description 


(23) 


(28) 


| 


Ben Emre Oneke Cees 


Xx 


x 


Functional 


Command, PU 
Valve Outlet 
Pressure, 

20 -Percent 
Calivration, 
Voltage Input 


Cominand, 
MRCY Outlet 
Pressure 
20-Percent 
Calibration 


Command, PU 
Valve Outlet 
Pressure, 
80--Pereant 
Cahbration, 
Voltage Input 


Command, 
MRCV Outlet 
Pressure, 
80-Percent 
Calibration 


Command, Gas 
Geuarelor Oxi- 
dizer Injection 
Pressure, 
20-P."cent 
Calibration, 
Voltage Input 


ert 


R-3825-1 


R 
o 


Range | (Ohms) 


[dal —_ 


| 


Section XI 


a 
Current 
(Ampares) | Volts DC | Remarks/Notes 
0,048 24-32 (a) pin W; (e) 
maximum 
0.048 24-32 (a) pin W; (F) 
maximum 
0.046 24-32 (b) pin W; (e) 
maximur-: | 
| | 
| | 
0. G48 24.49 (b) pin W; {e) 
maximusn 
0.048 24-32 (a) pin b; (e) 
maximum 


i 


ee ee 


Figure 11-9. Flight Instrumentation Interface Connector P154 (Sheet 5A of 8) 


Change No, 11 ~ 25 May 1971 


11-224/11-22B 


4 


R-3820-4 Section XI 


C ‘ode i Current 


Rare op one Amperes) | Volts DC Remarks/Notes 


iunctional 


a= Pg Oe 8s On 


Add 


Deleta 


Pin _ Deseriphion 


Conunand, Gas (b) pin b; (e) 
Generator Oxi- 
dizer Injection 
Pressure, 80- 
Percent Calibra- 
lion, Voltage 
Input 


the 0,048 
maxiinum 


a ~— 


Spare Wire 


Bussed to con- 
nectoy Pi53, 
pin B, 


2.32 Grau, 
maximun potential 


Supply, Awiallary 
Instrumentation 


ee 
| 
| 
| 
| 
t 
| 
Package, 28 vde | 
| 
| 
| 
4 
\ 


Tower Return 
(Redundant) 


0,048 24-32 
maximum 


Command, Hert (a) pin im; (c} 


I 
ve 
| 
| 
a sxehancver Oxi- 
ie Inlel Pres- 
sure, 20-Percent 
Calibr: ation, 


Voll pe Luput 
Spare Wire 


Comiuaund, Heat (2) pin im; (e) 


| 
Exchanger Oxi- 
| 
| 
| 
| 


13 


maximum 
cigev tilet Pres- 
sure, $0-Percent 
Calibration, 
Volare Tiyaut 


ie 
7 
B 
| 


ad 


Spate Wire 


: 


' 
>} | 
| 


Figure 11-9.) Flight Jastrumentation Interface Conneclor P1t4 (Sheet r of 8) 


2 
0.048 24-32 (a) pin n; (ey 


Command, Hg 
Prussure, 20- maxyiinum 
Percent Calibra- 
tion, Voltage 


| 

| 

a vie 

= Fs 
| 

| | 

a} 


Input 


| 
| 
(9) Conunand, Hy : = : Dury 
Dea FeESLUuEY, ny 

Percent Calibra-~ 

tion, Vollage 


Port 


‘Yank Preossuve, maxintns 
20-Perceal Cah- 

bration, (Redur dant) 

Voltage Input 


Comunind, Vehun -- -- 9.048 24-82 (a) pin n; fe} 


ete tt ree cme ee ret Bmw arin eB see ee oe 


aemaetek ot oma malate ea. Ae 5 ae ey a a rae 


Change No, T° 4 December 1969 11-23 


Section XI R- 3825-1 


ar my er pe eT EE I NY ep ATE TN feo ANCA 


Arapenes) | Volts DC Remarks/Notes 
0.048 24-32 (b) pin n; (e) 
nNaAxi Mum 

| 
| 
| 
! 


a Code Functional R, Current 
Add} Delete! Pin Description Range ¢ (Ohms) 
(5) (8) | @ | Command, HF9 | “- ~ 
Pressure, 80- 
Percent Calibra- 
(5) (9) g Command, HFg -- -- -— - Dumniy 


Pressure Trans- 
ducer, 80-Percent 
Calibration, Volt- 
age Input 


Command, Helium -- 0.048 24-32 
Tank Pressure, 

80-Percent Cali- 
bration, (Recdun- 


dant) Valtage | 
| 


(a) pin a; (e) 
maximum. 


re a AE 
1 
1 


Input 


Measurement, Gas [0- -- (5.0 0-35 
Generator Oxidizer | 1,000 


Injection Pressure, |psia 


O, 1) x 
j0-5 at 


| 
Bs | 
a 
| 


_ 
— 
— 
fs ! ! 


| 
mee 
| 
| 
| 


Signal Oulput | 
(4} » | Measurement, Gas | 0~ -- {5,9 0-5 {c) 
Generator Oxidizer |] 1,500 30,1) x 
| | {njection Pressure, | psia | 10-) at 
| Signal Output 5 vde 
| | j Cummand, Gas ~* | -- 9.948 24-32 (a) pin s; (e) 
i “~ | Generator Fuel maximum 
Injection Pressure, 
20-Percent Cali- 
bration, Voltage | 
Input | 
k | Command, Gas ~~ -- | 0,048 24-32 (b) pin 5; (x) 
~ | Generator Fue} maximum 
Iunjecuion Pressure, 
H0- Percent Cali- | 
poration, Voltage 
Input 
(Y(VH] m | Measurement, Hoat| 0- -- | (5.0 0-5 {c) 
™ | Exchanger Oxidizer| 1,000 | A. LX 
Inlet Pressure, psa | 10-8 at 
Signa) Owlpul | 5 vile 
(4) m | Measurement, Heat | 0- -- (5.0 )~d (c) 
™ | Exchanger Oxidizer| 1,500 Od) x 
inlet Pressure, psia 1978 al 


Signal Output | 5 yde 
ARAN Nara eTaON Merny pare Lead OL ach i eae ee 


Figure 11-9, Flight Instrumentation Interfare Connectov P154 (Sheet 5 of &) 


11-245 Change No, 7 - 4 December 1969 


lt- 9825-1 Section XI 


Calibration, 
Voltage Input | 


Flpure 11-9. Flight Instrumentation Interface Connector P154 (Sheet 6 of 8) 


Change No, 7+ 4 December 1969 j1-2% 


2 yee 
Sune Funetional Ky Current 
Add Delete) Pin - Description Range | (Ohms) | (Amperes) | Volts DC Remarks /Wotc s 
(17) m | Spare Wire “« -- -~ -~ 
(9) (9) | on | Measurement, 0- “= (5,0 0-5 (c) 
Hf») Pressure, 1,000 40.1) x 
Signal Output psia t0-9 at 
 vde 
(5) (9) n | Measurement, Dammy} == -- ; owe Dummy 
~ | HFg Pressure, 
Signal Output | 
i 
(3) an | Measurement, | Q- on (5.0 0-5 (c} 
(12) Helium ‘Tank 3, 500 40, 1) x 
Pressure, psia 10-¥ at 
(Redundant) 5 vde 
| | signal Output 
(9) | nu | Meusurement, 0- -- (0,0 0-5 (c) 
(13) | ) Heitum Tank 5,000 40.1) x | 
Pressure, psia 16-" at 
(Redundant) 5 vde 
| Signal Output 
p | Measurement, See | See (f) Ground 
| Ausiliary Lostru- pins, {| pine potential 
| mentation Packagze a ~ | | 
Tempesature, | | 
| | Input Common | H 
i 
q | Measurement, See Ser (f) sround 
“| Auxiliary Instru- | pin. { plik, potential | 
mentation Package 7 y | 
'Cemperaiure, | 
Output Comraon | 
| 
x | Measurement, -300° | 200 1.5x10-3|  -- (di 
| Auxiliary Instru- | to i? maximum | 
mentation Package| +200°F | 
Tomperatutea, 
| Sensor Output 
| 
| s | Measurement, g- | - (5.0 0-5 | ic} 
| Gas Cenecator 1,900 “Q), ) x 
| | Puel Injection | pola 10°? at : 
| Pressure, Signal Bydr 
Qutput 
(9) t Command, Oxi- | -~ ~ 4° 24-32 ca) vin yi fe) 
‘ diver Pump Bear- | tania - 
inp, Cuclant Pros- | 
| | sure, et-Percent | 


ens See | Reannree 


Section Xt 


2) Functional 


Add Delete Pin Deseription 


(9) 


fe 


Command, Engine -~ 
Start Tank Pres- 
sure, 20-Percent 
| Calibration, 
(Redundant) Volt~ 
| 


age Input 


_ 

D 

— 
is 


Command, Oxi- -- 
dizer Pump 

Beering Coolant 
Pressure, 80- 

Percent Calibra- 

tion, Voltage 
Inpit 

(9) Command, Engine e 
Start Tank Pres- 

sure, 80-Percent 
Calibration, 

(Redundant) 

Voltage Input 


Jc 


6-50 
psia 


Measurement, 
Oxidizer Pump 
Primary Seal 
Cavity Pressure 
Transducer Signal 
Output 


I< 


dizer Pump 
Primary Seal 
Cavity Pressure, 
20- Percent Cali- 
pration, Voltage 


| 
Command, Oxi- | we 
Input | 


in 


Conunand, Oxi ~ ~- 
diser Frump 

Primary Seat 

Cavily Pressure, 
80-Percent Cali- | 
bration, Voltage 

Input 


0-590 
psia 


Mossurement, 
Oxidizer Pump 
Bearing Covlant 
Pressure, Signal 
Outpul 


Cigure J1-9, 


Change No. 7 - 4 Doceinber 1969 


Range 


Tease 


Flight fastrumentation Interface Connector PI5d (Sheet 7 of 8) 


R-3925-1 


eer et lm fe eet arr i = 


R < 
Ce) Current 
(Ohms) _(Amperes) Volts DC 
-- 0.048 24-32 
maximum 
-- 0.048 24-32 
| maximum 
| 
oe 0.048 | 24-32 
maxim 
\ 
-- 7 0-5 
nt 
16-9 
| 8 aed 
: | 
-- | 0.048 24~32 
maximum 
- 0,048 24-32 
| maximum 
{ 
| 
7" (5.0 Q-5 
10.1) x 
10-° at 
5 vde 


nn et ed terre A re A 


i ee et nl 


Remarks/Notes 


| (b) pin y; (e} 
re b) pin y; (e) 
| 

(b) pin y; {e) 


(c) 


(a) pin y; (e) 


(b) pin v; (e) 


a rs aR A 


H-~3825-1 Section XI 


mie ° Seg ee _ r 4 ae eS ts: 
acme Code Functional Current | 
Add | Delete |] Pia Description _Range ed (Amp exe eres) _Volts DC Reomiarks/Notes 
(9) y | Measurement, 0- (5.0 0-5 (c) 
(14) Engine Start Tank ; 1,500 10,1 
Pressure (Ke- psia a at 
dundant), Signal 5 vde 
Output 
(9) y | Measurement, 0- (5.0 Q-5 (c) 
(15) Engine Start Tank | 3,500 10. y x 
Pressure (Re- psia 10-° alt 
| dundant), Sigaat 5 vde 
| Output 
% { Sbleld Return ot HWectro- Ground 
static potential 
shielding 
current 
Figure Li-¥.) Flight Instrumentation Interface Connector P154 (Sheet 8 of 8) 
: Code Functional Ko Current 
Add | Delete | Pin Description Range (Olms) (Amperes) _Volts DC NC __Remarks/Notes 
A { Spare Wire oo no | 
| B | Spare Wire | | -- 
| | © | Spare Wire ln “Se -- -- 
| | D |} Spare Wire | += - ~~ 
| E | Measurement, 4-200 | -~ ' (5.0 0-5 {c) 
Oxidizor Turbine | psia | | 0,1) x 
| | InJet Pressure, | 19-9 at 
! Signal Output 5 vde 
! 
| | F | Command, Onxi- - <n 0,048 24-32 | fa) pin F: fe) 
ner Turbine maximum 
{niet Pressure. 
20- Percent 
| ' Calibration, 
| | Voltage Input 
i G | Command, Oxi- -- -- 0,048 24-32 ib) pin Fe (a) 
Cizer ‘Turbine maxituni 
Inlet Fressare, 
80- Percent 
| Calibratioa, 
| Valtage Tput | 


Fieure 11-10. light Instrumentation Interface Connectur PLS (Sheet 1 of 4) 


Change No. 7 - 4 December 1969 11-29 


Section XT R-3B25-1 


Sie code | Funetional KG Current 
Add] Delete Pin| Description Range | (Olums)| (Amperes) _ Volts DC _Remarks/Notes 
H | Moasuremont, | O- ~~ (5.0 0-5 {c) 
| Main Fuel Injec- 1,000 0.0) x 
| lion Pressuze, psia 10-° at 
: Signal Output 5 vde 
(4) ti | Measurement, 0-: -- (5,0 0-5 (c) 
Main Fuel Injec- 1,500 $0.1) » 
tion Pressure, psia 1 10-9 at 
| Signal Output | 5 vde 
J | Spare Wire “- oo “— | =e: 
{ 
' K | Measurement, 0-100 | ne ae | 0-5 (c) 
Oxidizer Turbine psla 10.1) x 
Outlet Pressure, 10-5 at 
Signal Output | 5 vde 
} 1, | Command, aa 0.048 21-32 (a) pin 5 (e) 
Oxidizer Turbine maxiniun 
Ouflet Pressure, | 
| 20-Percent Cali- | | 
bration, Voltage | 
| | Input | | 
| M Command, Ox}~ - - fe -- 10,048 1 24-32 | (b) pin K: (e) 
dizer Turbine maxim 
| Oullut Pressure, | | | 
| 80-Percent Cal- 
i bration, Voltage | 
| | Tiyput 
| N | Command, Iain -- | 0.048 | 24-32 (a) pin H; (e) 
| Fuel Injection ) Maximuns 
| Pressure. 20- | | 
| Percent Calipra- | 
tion, Voltage 
| | Input 
| PR | Command, Main | “= 0,048 24-32 (b) pin H; (e} 
| Fuel Injection | maximum 
Pressure, 80- 
| Percent Calibra- | | 
| tion, Voltage 
| | Input 
,@ 7 @ | Measurement, -- | (5,0 0-5 (c) 
| | Main Oxidizer : 900 +40. 1) x 
| | Injection Pres psia 1 10- at 
| Bure, Sigil 5 yvde 
| es on: 


Vieure ae igi inet Instrumentatior Tocerfuce Connector P1655 (Sheet 2 ef 4) 


411-28 Change Nu, 7+ 4 December 1969 


ee 


_. ode 
Add Dolete} Pin 
(4) Q 


R 


U 


< 


Figure 11-30. 


t+ 3825-1 


Funetional K, 
Description Range | (Ohnis) 
Measurement, 0- a 
Main 9xidizer 1,500 
Injection Pres- psia 
sure, Signal 
Output 
Measurement, 0-750 -- 


Engine Regulator psia 
Outlet Pressure, 
sigma: Output 


gine Regulator | 
Outlet Pressure, 
20- Percent 
Calibration, 
Voltage Tnpul | 


Command, En- 
gine Reujator 
Outlet Presse, 
80-Percent 
Calibration, 

| Voltage Input 


| 
| Command, Ka- “0 
| 
| 
| Command, Main -- 
| Oxidizer (njectur 
| Pressure, 20- 

Percent Calibra- 
| tion, Voltage 
) Typul 
Command, Main | 
Oxidizer Injector 
Pressure, 80- 
Percent Cali- 
bration, Voltage 
Input 


Measurement, 
Vuel Pump 
Balance Picton 
Cavity Pressure, 
Signal Output 


4,000 


pain 


Cumraand, ues “" ~ 
Mump Balance 
Liston Cavity 
Preseye Oy 206 
Percent Cat ora - 
tion, Yoltage i 
Tnpat 


a en os 


0- Ls 


C ‘current _| 


(Atupores 


{5.0 
aD. 1) x 
10-2 at 


5 vde 


Volis DC 
0-5 


~~ — ——__—--1_ 


a 


(5.9 Q- 
10, 1) x 
10-5 at 
3 vde 
0.048 24-32 
maximun 


0.048 24-32 


Maxine 


0,046 24-32 


maximum 


0.048 4432 


bine | 
mAximun | 
: 

| 


(5,9 
Y.ix 
(G79 at 
5 vde 


6,048 
manimuny 


24- 32 


: 


Change No, 7 - 4 December i 


ee ee 


Section XT 


ee gc | Ry 


Remarks/Notes 


names eee 


(e} 


(a) pin RR; fe) 


(b) pin Ry (¢) 


{a) pia Q; (e) 


(b) pin Q: (e) 


(a} pin W; (2) 


- | ee rn ati ern Ae ere Om ei mR A le OY 


FUeht Instrumentation Interface Connector PI55 (Sheet 3 af 4) 


969 11-29 


Section Xf R- 3825-1 


Code ; f 
fetes See hes Functional 9 Current 


Add} Delete! Pin Description Range | (Ohms)| fAmperes) 


Volts DC Remarks/Noles 


24-32 (b) pin W; (e) 


Command, Fuel -- -- 0.048 
Pump Balance maximutn 
Piston Cavity 
Pressure, §0- 
Percent Calibra- 
ion, Voltage Input 


a (i scoala SRR Oe, MERON 


Figure 11-10, Flight lastrumentation Interface Connector P155 (Sheet 4 of 4) 


se Code Functional | i Current 
Addj| Delete} Pin Description Range , (Ohms)| (Amperes)| Volts DC Remarks /Notes 
A | Spare Pin ~o ~~ -- -- 


Spare Vin 
Spare Pin 


Ground 
potential 


See See (f) 
pin W.! pin W. 


Measurement, 
Oxidizer Biced 
Valve Tempera- 
ture, "B" 
Sensor, Input 
Common 


See Ser 
pin W.7 pin {W, 


F | Measurement, 
Oxidizer Bieed 
Valve ‘Tempera- 
ture, |B" 


| 
| 
| 
i 
Sensor, Oueput 
| 


potential 


Common 


Ground 
potential 


See See (f) 
pin X.{ pin X, 


t | ffeasurement, 
leat changer 
| Oxidieer Gutict 
Temperature, 
“EH Sensor , 
fnpul Commoan 


F 


(f) Ground 


Spare Wire 


Cround 
potential 


(16) G Seo Sec ff) 


pin «A. |] pin &, | 
1 


lrasurement, 
Heat Exchanger 
Oxidizer Oullet 
Temperature, 
"Hh" Sensor, 
Out, ut Common 


a 
4 
3 
4 
Ser cg er 


(1G) | G [ svave Wire a | -- 


ee enter tint Fee ee RR ee A a mee L ee, (ee tee tne mere nett Re dt 


Cigure Ld-ak. Flight hitrumentation Interfare Connector 2156 (Sheet | of $) 
11-80 Change No. 7 =~ 4 Deceaber 1968 


R-3825-1 Section XI 


mg i et tt ay HS AE 


ode : ; I , 
cee ode Funetional | by Current 
Range | { 


Add |Delete| Pin Jeseriplion Ohms) | (Amperes) | Volts DC Hemarks/Notes 


(16) Hes| Measurement, See See {t) Ground 
Heat Exchanger pin Y. | pin Y¥. potential 
Oxidizer Outlet 
Temperature, 
"A" Sensor 
Input Common 


(16) H | Spare Wire ang ae lai ie 


(1€) J | Measurement, Sec Sec (f) Ground 
Heat Exchanger pin Y. | pin Y. | potential 
Oxidizer Outlet 
Temperature, 
"A" Sensor, 
Output Common 
£46) Spare Wire -- -+ ~ 
Ground 
potential 
| 
{ 
| 


Moasurenent, Soe see 
fuer Bleed pin 4. | pin Z. 
Valve ‘Fempera- 

ture, "A" 

Sensu:, Input 

Common 

I, | Measurement, See Ser 


Fucl Bleed pin 4, | pin 4. potential 


Ground 
Valve Tempera- 
ture, "A" 
Sensor, Output 
Common 


9,1 x 1072 (dl) 
Wwrakimuna 


Measuremont, ~425° 1,256 
Fuel Bleed Valve 
Tenyperature, 
“B" Sensor, 
Sensor Output 


? 
tu 36 
~825°R 


t 
Ground | 
| 


Fuel Punip pine, | pine, potential 


| 
M j 
. 
Bearing Coolant 
Temperature, 
Input Common 


[ 
1 
Measurement, | See See 
N 


Spare Wire 


(f) Ground 
potenttal 


2) Measurement, See See 
Thrust Chamber pine. | ping. 
skin Tompcra- 7 
ture Na. 2, 
Inpul Common 


ee eee neti apaeeemnenante A cine man tr meres metre HE ae pe 


| 

| 

| 

| 
| 
(3) | (2){8) 
( 


ee ee ae eee A on Reali ener 


Pigure H1-24, Fgh! (instrumentation tuierface Connector P16 iSheet 2 of 6) 


Change No, 7 - 4 December 1969 11-31 


Section XI R-3825-] 


nee ee ee 


ie 


Fi netional Current 
Deseription vange | (Qhme)| (Amperes) Volts DC Remar ks/Notes 


a Aeterna a re fe ae ee ee 


Add Delete Pin 


A errnn 9 oe = reer 


(8) N 


Measurcment, Se? See (f) Ground 
Main Onidizer pin. | pinc, potential 
Valve Housing = 7 
Temperature, 

Input Common | 


Measurement, See See (f) Ground 
Fuel Pump pin c. 


(2)(3) | P 
(8) pine, potential 
Bearing Coolant | 
{ 


Temperature, 
input Common 


(3) | (2)(8) | B [Spare Wire zig 


{2) P | Measurement, See See Ground 
Thrust Chamber pinc. | pin, 
Skin Temperature 7 
No. 2, Output 


Common 


potential 


| 
Measurement, See ie SOE Ground 
Main Oxidizer potential 


pine. | pine 


Valve Housing 
Ternperature, 
Output Common 


Am) 
oa 


Sparc Wire 


Return, Start 
Tank Emergency 
Vent 


m axin: um | potential 


Spare Wire 


3.0 24-3! 
maximum 


(k) 


Spare Wire 
Command Start 
Tank Emergency 


| 
Vent 
Spare Wire 
Spare Wire 
Measurement, - cade 
Oxirlizer Bleed 


| 
he 
= 
of 
7 
oY 
| 
7 
| 


U oe | ue 
7.0 x 1074 | te 
maximum 


206 


{ci} 


ie ov _ —~ mae fa el gr init - 7 


1. 
1G 


Valve Tenmpera- 
ture, "A" 
Rensar Output 


emcee den ct a ge ey oA ae ete hee a + Yo 


nr i i eee 


erence en ave tite bee ten erent ener tre greeenpro re ret Ai rneeint eR Pan A ree SP Pomp 


hipure 11-1. Euight Instrenaentation Literface Convector P56 (Sheet 3 of 6) 


11-32 Change No, 7 - 4 Decembes 1962 


R-3825-1 


Corde Functional 
Add | Delete } Pin Description Range 
(2) V | Measurement, ~ 495" ; 
Thr ast Chaniber to } 
Skin qemuers - +100° | 
| ture No, 1, 
| Sensor Outpul 
{8) VY | Measurement, ~300° 
| Main Oxidizer to 
Valve Closing +100°F 
Control Line 
| Temperature, 
Sensor Output 
W | Mcasurement, -300° 
Oxidizer Bleed to 
Valve Tempera- ~250° F 
ture, "PR" 
| Sensor, Sensor 
| Output 
(16) | X | Measurement, 200° 
| Heut Exchanger to 
Oxidizer Outlet +500°F 
| Tenperature, | 
| "B' Sensor, | | 
| | Sensor Output | 
(16) | Xx | Spare Wire | -: | 
| (16) | ¥ | Measurenient, 200° 
| | Heat Exchanger | to 
Oxidize: Outlet 500° F 
Temperature, | 
i "A" Sensor, 
| | Sensor Output | 
(16) ¥Y | Spare Wire | a 
| | 
4 | Measurement, -425° | 
Fual Bleed to H 
Valve Tempera ~ 370° F 
ture, "A" 
Sensor, Sensor 
| ! | Output 
| a Measurement, See | 
| ~ | Pel Bleed Vatve] pin M, 
Temperature, 
“B" Sensor, 
Inpuf Common 
i hin eal BN ap le ees a ie cae 


igure 29-11, 


K 
oO 


(Ohms) 


1,266 
iG 


100 


1,256 


425 


425 


1,256 
16 


Bee 


pin M, 


Current 
(A mperes) — 


4.7 x 1073 
maxinivni 


~~ 


a4.1x 10°43 2 
maximuin 


7.0 > 10-4 
maxunun 


9,0 x 10-4 
maxiniun 


0,292 


a 


9.0 x 10-4 
MAX TMU 
4.7 10°3 -- 
maximum 
(f) Ground 
potential 


Charge No, T- 3 December 1969 


maximum 


Volts: DC 


Scetion AT 


_ Remar ks/Notes 


(a) 


(d) 


(d) 


Plight Justvumentation Interface Connector Pi56 (Sheet 4 of 6) 


11-93 


Section Xf 


Ane ees ence RR seem fs a tema = mcm 


fede . ; 
prea ae Cede Funelional 


Add | Delete; Pin Description 
b | Measurement, 

"| Fuel Bleed Valve 

Temperature, 

"B" Sensor, 

Output Common 


—_ 
[Ng 
— 
_ 
wo 
— 
ie} 


Measurement, 
Fuel Pump Bear- 
ing Temperature, 
Sensor Output 


Spare Wire 


Measurement, 
Thrust Chataber 


No, 2, Sensor 

Output 

(3) Measurement, 

Main Oxidizer 
alve Housing 

Temperature, 

Sensor Output 


im 


Spare Wire 


SS 

fe) 

= 
io 


Measurement, 
Oxidizer Bleed 
Valve Tempera- 
ture, "A" 
Sensor, Taput 
Common 


(2) Measurement, 
Thrust Chamber 
Skin Temperature 
No. 1, Inout 


| Common 


ire I 


Measurenient, 
Main Oxtdizner 
Valve Closing 
Control Line 

| | Temperature, 
| | Input Common 
( 


io 


(8) 


23%) { Measurement, 

| Oxidizer Bleed 
Valye Peanpera- 
ture, VA" Sensor, 
Output Common 


spiteleaeia 


Figure 11-11, 
th 34 


Skin Temperature | 


| 
| 


| 
| 
| 
| 


R~ 3825-4 


Range 


See 
pin M, 


+109°R! 


| 


- 400? | 
to 
4100°F | 


| 


See 
pin V. 


See 
pin Ve | 


| 


See 
pin V. 


pin V, 


| 
Sen | 
| 
| 
| 


Change No. T+ 4 December 1969 


R 


1¢ 


(Ohing) 


See 


pin M, 


1,256 
46 


1,256 
18 


100 
12 


sce 
pin V. 


See 
pin V, 


See 
pin V. 


Bre 
pin Vv. 


| 


Current 
(Amperes) 


(f) 


4.7 x 1073 


maxiniunty 


4.7% « 1075 
Maxim 


2.1% 107? 
HUAXLM un 


(#) 


{f) 


= fier ees eas. a, ne ee Te eA a te re eee 


Fight unsteamentation Interface Connector P1553 (Sheet & of §) 


iam - 


Remarks/Notes 


ont are 


Volls DC 


- ee 


Ground 
potential 


-- (d) 
P 


Ground 
potential 


potential 


Ground 
potential 


Ground 
potential 


Figure 11-11. 


Functional i 


Sade 
Ada] Delete | Lin 
(2) t 
(8) t 
lg 

h 

ce 

L 

| k 

m 
opts eh oy 

gees 

Add Tin 
A 

13) 


wan 
| 
| 


ot ng tt eae sma 


Functional 
Description _ 


Measurement, 
Thrust Chanther 
Skin ‘Temperature 
No, 1, Output 
Common 


Measurement, 
Main Oxidizer 
Valve Closing 
Contro) Line 
Temperature, 
Output Commer 


Measurenient, | 
Oxidizer Pump 
Bearing Coolani | 
Temperature, 
Sensor Oufput | 
Measurement, 
Osidizer Pump 
Beart Coolant 
Temperature, 
Output Common 


Measurement, 
Oxidizer Puinp 
Bearing Coolant 
Temporature. 
Input Common 
Spare Wire 
Shield Retucn 


Dese ription 


ae surement, 

Gas Gene ralor 
Oyer-'Tempera- 
ture Therrao- 
eoupie, Alumel 
Oulput 


Measurenient, 
Caos Gener: ator 
Oo ors Tomperi- 
toye Thermo- 
couple, Chromel 
Output 


Fimuee 11-42, 


nee 


R-3825-1 


_ftange (Ohms) (Amper es) 


| R, 
bee See 
pin V. | pin V. 
See | See 
pin V. lp in V. 
-3800° | 1,256 
{to 1G 
- 250) ‘| 
See | see 
png. | pin g 
See | See 
pin g. pin g 

j 

t 


Flight Ingtrumentation Interface Connector P1456 (Sheet 6 of 6} 


Sa Eni 


kange Hons S} 


0° to 


1, B00°R 


ae | 


Current 


T.0x 10°74 


maximum 


(f) 


Wheetro- 
static 
shielding 


current 


eterno) 


Current 


(Amperes) 


| 


Section XI 


Volts DC _ 


Cround 
potential 


Ground 
potential 


Ground 
potential} 


Cromd 
potential 


Ground 
potential 


Vous DC 


ees eee 


NSB Cir- 
cular 561, 
Table 17 


junction 


NBS Cir- 
citar OG, 
Talde 7 


junction 


Felt instrumentation biterface Connector 4160 


Change No, 7 - 4 December 1960 


Remarks/Notes 


Remarks/Netes 


Grounded 


Crounted 


Section X: R-3B25-1 


eee er nm gm EA Eo Se ee kr I SOS map “tS ee lh ms aterm 


(x) 


(1b) 


(a) 


cn 
— 


<m) 


Application of voHage on this pin produces eu electrical simulation causing an output on the 
refercuced pin that is equivatent to 18-22 percent of the full-scale pressure plus applied pres - 
suce. ‘The power requircutents for lus circuit must not exceed b. b4 watts over the voltagre 
range of 24-32 vde. 


Application of voltage ou thin pir produces ar electrical simulation causing an outpul on the 
referenecd pin that ls equivalent to 78-82 percent of the full-scale pressure plus applied 
pressure, ‘The power requirements fov this circuit must not excced 1.54 walis aver the 
voltage range of 24-32 vde. 

(Deleted) 

The maximum current spec fied is that current that will minimize self-heating of the sensor 
at the lower end of the temperature range. The maximum voltage specified is that voltage 
that will minimize self-healing of the sensor at the upper end of the temperature range. 


During the ‘off condition, the leakage into this pin must be less than 50 micreamperes ‘nto a 
i5,000-chm load, 


The current balance for the three wires of the tempera'nre transducer should be such that the 
line resistance is not made a sipnificant part of the measurenient, 


41,900-ohm Joad recommended, 

3,000-ohm load recommended, 

Power required by the valve switches is dependent on stage circuitry, 
Voltage ratios must be used to determine potentiemeter position 


potentiometer output volts 
potentiometer input volts 


where Voltage ratio = 


Any voltage Grop between the power supply and the engine interface must be accounted for tn 
determining the potentioineter input volts. 


32 vde maximum at initial application for a period not to exceed 60 seeands; ripple voltage 
nat to exceed 2,1 volts peak. The maxtnaium voltage transient limits must be ¢ 80: yolf pocitive 
puse witha time width of 19 microseconds anda repetition rate of 20 cps, 


Qn SII stage engines the output wave furm at connector P-109, pins Pand N, with pin Nas 
reference must consist of a negative going pulse followed immediately hy a positive going pulse, 
such that the peak of the negative pvise ts connected to the poak of the positive pulse by an 
approximate straight line of positive slope. (See figure 11-17A.) 


On SI] stage eopgines the output wave iorm at connector P-109, pins Uand T. with pin Tas 
reference must consist of a negative going pulse followed Immediately ly a positive going 
pulse, such that the peak of the negative pulse is connected to the peak of the pusitive pulse 
by an approximate straight line of positive slope. (See figure 11-174.) 


A ra a A re ht Ao dh rm 


a ete A Re IR tT te I Le NR Se A 


Figure 11-13. Notes fov Instrun entation Interface Connectors 


11-396 Chanse Na, 3 - 'U May 1990 


R~Q82b~ 1 Section Xf 


hnpine 6 itectivity 


— ene ee en RE A TY EM LR ARAN ARAN 


te me cet 


Production _____ Retr ofit 


MD _ Des cr iption | at ( Change 


Ae tee 


ten oe 


J+ 22740 a J2-405 
subsequent 


a 


237 Deleles redundant instrumenta- 
tion bosses (GG1), 


-~ J-2031, J-2042, | 12-415 


200 Adds thrust chamber skin 
and J-20/1 


temperature transducers (C82 
and CS2a), 


(3) J-2060 and -- J2-421 172 Deletes fucl turbopump bearing 
subsequent temperature (PST1). 


(4) 11-2060 and ~~ 32-445 172 Increases range of pressure 
subsequent tranducers (CF2, CO3, GOS, 

HO1, POS, and POs, 
i 


(5) J+2060 and “- 32-451 
subsequent 


172 Deletes hydrogen tapoff outlet 


presstce (HF2), 


J-2103 and 
subsequent 


(6) J-2060 and “- J2-468 
subsequent 


172 Deletes heaters from instru- 
mentation packages. 


(7) J+2104 and -- J2-523 
subsequent 


Deletes fuel turbopump inter- 
stage pressure transducer 
(PF6), 


(8) -~ J~2028, J-2035, | J2-527 
J-2038, J- -2040, 
J- 2041, and 
J~2049 


248 Adds MOV housing and MOV 
closing control Une tempera- 
ture Sensors, 


(9) J-2026, J-2028, | 12-5594 


268 Adds redundant hellum and 
and J-2030 


start tank pressure trans- 
ducers, 


J-2031, J- 2035, 
J=2040, J-2041, 
J-2042, J-2043, 
J-2044, J-2049, 
J-2057, and 
J-2058 


269 


J-2025 


v 2060, J-2062, 

-2066 thraugh 
i -2070, J-20%3, 
J-2075 through 
J-2077, and 
J-2079 ‘through 
J-2137 


pene e eb erete mene te alk. 


rrr ee re 


igure 11-14. Engine ffectivity for Instrumentation interface Connectors (Sheet 1 of 4) 


Change No, 7 - 4 Deceniber 1969 11-37 


Section X! 


en per ta re Ht riteree  e 


Code Production 


on 


(9) 
(cont) 


77-2145 and 


subsequent 


J-2138 and 
subsequent 


J-2038, J-2045, 


Retrofit 


J-2049, J- 2050, 
J-2051, J-2088, 
J-2064, d-2055, 
and )-2009 


J+2033, J-2036, 
J 2037, J-2039, 
J-2046, J-2048, 
J-2052, and 
J-2056 


J~2071 


J-2025, J-2038, 
J- 2054, J-2095, 
and J-2103 


J+2033, J-2045, 
J-2049, F-20561, 
J-2053, J-2055, 
J-2059, d~207), 
and J-2073 


One engine in- 
corporating NCI? 
J2-547 (MD241) 


J-2066 through 

T-2070, 7-2075 

through J-2077, 
1-20°0, J-2081, 
J-2091, J-20904, 
J-2101, J-2119, 
and J-2122 


J~-2045, J-2051, 
J-2053, J~2055, 
ard 3~2059 


J-2045, J-2049, 
J-2051, J-2053, 
J-2055, J-2059, 
J-2066 through 

J-2070, J-2075 

through J-2077, 
J~2080, J-2081, 
J-2091, J-2101, 
J-2119, and 
J~2122 


ECP 


R-3e25-1 


12-616 


J2-624 


Description of Change 


a ent team nA An ait RE 


Provides for low-range 
thrust chamber pressure 
measurement, 


Adds start tank emergency 
vent valve, 


Ee 


Figure 11-14. Engine Effectivity for Instrumentation Interface Connectors (Sheet 2 of 4) 
11-328 Change No, 7 ~ 4 December 1969 


R- 3825-1 Section AT 


ae Engine Effectivity 
Retrofil 


ae 


Code | Production 


a te ne 


(13) 
feont) 


Description of Change 


J-2039-1,J-2046, 
J-2056, J-2062, 
J-2U79, J-2082 
through J-2090, 
J-2092, J-2093, 
J-2095 through 
J-2100, J-2102 
through J -2118, 
J-2121, f-2128 
through J~2130, 
and J-2132 
through J-2144 


320 and 351 
(- 70 Kit) 


(12) (See code 9.) | (See code 9.) 8, 269 
B79, 296, tank pressure lraisducer, 
and 3f4 


J2-504 | 262, 313, 


{13) (See code 9.) | (See code 9.) 282, 313 
and 316 


Installs 0-5,000 ns, beltum 
tank pressure transducer, 
(14) (See code 9.)| (See code 9.) 


32-504 | 268, 269, Installs 0-1, 500 psia start 


and 270 tank pressure transducer, 
(15) (See code 9.) | (See code 9.) J2-594 | 282, 206, Installe 0-%, 500 pala start 
373, 314, tank pressure transducer. 
and a8 
(16) -- J-2025, J-2027, | J2-320 100 Adds cover plate. (Removes 


J-2031, J-2033, 
J-£042, J-2046, 
J-2048, J-2052, 
J-2054, J-2056, 
J-2062, J-2071, 
J-2073, J-2079, 
J-2083, J-2087, 
J-2091, J+2094, 
3~2095, J-2104, 
J-2013, J-2119, 
J-2122, J-2124, 
J-2134, J-2138, 
J~2142, J-2145, 
J-2148, J-2150, 
J-2152, J-2154, 
and J-2155 


tranreducer HOT2 from engines 


J2-594 268, 269, Installs 0-3, 500 psia helium 
assigned to SIVB stage.) 


(17) “- J-2025, J-2027, | 32-293 105 Adds helium pressurization 
J~2031, J-2033, line. (Deletes HOL.) 
3-204, J-2042, 
J-2046, J-2048, 
J-2052, J-2054, 
and J-2056 


ee ee ee mL Aire we Renae wee tate! 


Figure 11-14. Engine Effectivity for Instrumentation Interface Connectors (Sheet 3 of 4) 


evn ee 


Change No, 7 - 4 December 1969 11-39 


Seciion 4% 


(1'f) 
(cont) 


(18) 
(19) 


(20) 


(21) 


(22) 


| (22) 


ee 


11-40 


Engine Effectivity 
Production Retrofit 
J-2060, J-2062, 
J-2071, J-2073, 
J-2079, J-2083, 
J+2087, J-2091, 
J-2004, J-2095, 
J-2101, J-2103, 
v-2110, J-2122, 
J-2124, 71-2134, 
J-2138, J-2142, 
J-2145, J-2148, 
J-2150, J-2152, 
J-2154, and 
J-2155 


J-2104 “" 
through 
J-2139 


~~ J-2104 through 
J-2127, J-2133, 
J-2134, andl 
J-2137 


J~2140 
and 
subsequent 


J-2128 through 
J-2130, J-2132, 
J-3135, J-2186, 
J-2138, and 
J-2139 


“> J-2028, J-2084 
thrcugh J-2066, 
J-2088 through 
J-2090, J-2092, 
J-2093, J-2096 
through J-2100, 
J-2102, J-2104 
through J-2118, 
J~2i21, J-2123, 
and J-2125 
through J-2127 


= J-2140, J-2143, 
J-2146, and 
J-2152 


~- J-2036-1, 
J~2039~1, J-2046 
and subsequent 


or rt a mac eee me mene 


ee 


R-d625~1 


283 


274 


Description of Change 


Changes helium heat exchanger 
pressure requirements. (Ef- 
fectivly the same as ECP 
J2~293) 


Changes temperature (rans- 
ducers. (Keplaces old-part- 
number transducers for TGTI, 
TGYT3, and TGT4 with dummy 
transducers.) 


Changes temperature trans- 
ducers. (Replaces dummy 
transducers with new-part- 
number transducers for TGTI, 
TGTS, and TG'T4,) 


Changes temperature trans- 
ducers, (Replaces dummy 
transducers (retrofit) or in- 
s.alls (production) new-part- 
number transducers for T'GT1 
and TGT3; leaves dummy 
transducer installed for TGT4,) 


Changes temperature trans- 
ducers, (Replaces functional 
transducer for TG'T'4 with 
dummy transducer alter 
MD274 change (code 19) has 
been accomplished. ) 


Changes temperature trans- 
ducers, (Replaces dummy 
transducer with now-part- 
number transducer for TGT4 
after MD355 change (code 20) 
has veen accomplished. ) 
Incorporation of two position 
mixture vatlo control valve. 


oe re ne id Le Ns 


Figure 11-14. Engine Effectivity for Instrumentation Interface Connectors (Sheet 4 of 4) 


Change No. 11 - 25 May 1971 
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; Figure 31-15. Enging Instrumentation Tap Location Schematic (Sheet 1 of 2) 
Chanee Ma. 7 - 4 December 1968 11-41 


Section XT R-3825 1 


Ate A a EE A er 


Ld ae ay ee eet 
ovens en GN NS SR PASTE 


Removed on enginns incorperating MD105 or MD194 change 


Removed on engines incorporating MND237 change 


SII: 


Two lines teed together on engines incorpurating MD237 change 


Removed on engines incorporating MDLT2 ov MD206 change 


>) 
“J 


Removed on engines incorporating MbD269, MD282, Mb296, MD313, or MDS15 change 


Be 


Removed on engines incorporating MDL2 or MD246 change 


Redundant instrumentation added on engines incorporating Mb269, MD282, MD296, MD813, 
or MN3IS change 


Removed on engines incorporating MD304 change 


ol fey 
SEIS 


Removed on engines incorporating M293 change 


lingines incorporating MD237 vhange 


(S} 
Ls 


Removed on engines incorporating MD136 change 


3) 
bat) 


Removed on engines incorporating MD262 chanye 


(s) 
iS 


oo 
i 


Engines ircorporating MD200 change 


Ss 


Removed on engines incorporating M))100 change 


aan 
(S) 


Removed on engines incorporating MD172 change 


is) 


Engines incorporating MD327, MD$28, MD329, MD332, or MDI34 chanyre 
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Engines not incorporating MD263 or MN365 change 
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Se) 


Enyines incorporating M347 change 
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Figure 11-15, Engine Instrumentation Tap Location Schematic (Sheet 2 of 2) 
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11-42 Change No. 7- 4 December 1969 


es ee 


__Change Code 


(a) 


(a) 


(a) 


(e) 


(a) 
(b) 

(f) 
(d) 


(e}(d) 


a A trove 


(f) Engines incorporating MD{92 or MD246 change 


oe tetas 


Add | velete 
PRESSURE 
Thrust chamber fuel 
a 


LA iA aaa eR Ree mmm mt 


Parameter 


inlet manifold 
Main feel injection 
Main fuel injection 
Matin fuel injection 
Thrust chaniber 
Thrust chamber 
Thrust chamber 
Thrust chamber 


Main oxidizer 
injection 

Main oxidizer 
Injection 

GG fuel injector 
and purge line 

GG fuel injector 
and purge line 

GG chamber 

GG chamber 

GG oxidizer 
injector and purge 
line 

GG oxidizer 
injector and purge 
line 

Hydrogen tapoff oatlet 

Heat exchanger 
oxidizer inlet 

ASI chamber 


Helium tank 

Helium tank 

Melium tank 
(redundant) 

Helium regulator 
outlet 

Helium regulator 
outlet 

Fuel turbopump 
discharge 


ge 


R-3825-1 


Tap 
Code 
CFI 
UF2 
CF2 (teed) 
Cr2a 
col 
CG1 (teed) 
CG1 (teed) 
CGla 
CO8 
Cosa 
GF4 
G¥4 (teed) 
GGL 
GGla 
GOS 


GO5 (teed) 
HEE 
HO! 
1G1 
NNIL 
NNI1 (teed) 
NN1 (teed) 
NN2 
NN2 (teed) 
PFr2 


ree Nt fn Ee TE 


— 


Instrumentation 
System 


Acccptance test 


Auxiliary flight 
Stage test 
Stage test 
Primary flight 
Stage test 
Primary fligcht 
Stage and acceptance 
tests 
Auxilfary flight 


Ar eptance test 
Auxiliary flight 
Stage test 
Primary fHght 


Stace test 
Auxillary flight 


Stage teat 

Auxillary flight 
Auxiliary flight 
Stage and acceptance 

tests 

Primary flight 

Stage test 

Auxilfary flight 
Auxiliary flight 
Stage test 


Stage and acceptance 
tests 


Section XI 


Electrical 
Connector 


en Ree ee ttre epee ener he me eS rr SRE. 49-8 ih REISS 


Figure 11-16, Engine Instrumentation List (Sheet 1 of 6) 


Change No. 12 - 18 October 1972 


11-43 


Section Xf 


ne A 


Cnange Code 


Add Delote 
(hb) (yz) 
(a) 
{a) 
(a) 
(d} 
(d} 
(a) 
(a)(h) 
(a){h) 
(i) 
(.)Q) 


ne 


ef arte 


Paraimetor 


ot mes 


PRESSURE (cont) 

Fuel turbopump 
discharge 

Fuel turbopunip 
balance piston cavity 

Fuel (urbopump 
balanee piston cavity 

Fuel turbopump 
balance piston cayity 

Fuel turbopum) 
interstage 

Fuel turvbopump 
primary seal 

Oxidiser turbopump 
discharge 

Oxidizer lurbopump 
discharge 

Oxiaizer turhopump 
discharge 

Oxidizer turbopump 
primary seal 

Oxidizer turbopump 
primary seal 

Oxidizer tuchbupump 
bearing coolant 

Oxidizer turbopump 
bearing coolant 

PU valve iniet 

PU valve outlet 

Start tank 

Srart tank 

Start tank 
(redundant) 

Fuel turbine inlet 

Fuel turbine inlet 

Fucl turbine inlet 

Fuel turbine intet 

Fuel turbine exhaust 

Oxidizer turbine lulet 

Oxidizer turbine 
exhaust 

Oxidizer turbine 
exhaust 

OTBV inlet 

Fuel turbopump 
turhine seal 


Engines incerporaling MD237 change 
Engines incorporating MD303 or MUSC4 change 
Engines incorporating MD269, MD282, M296, MD313, MIS14, or MDI15 change 
Engines incorporating M289 change 


R-3825-1 


(tcod) 


PE 

POL 

Poo 

POS (teed) 
POO 

POG (teed) 
PO’ 

POT (teed) 
POs 

POO 

TF! 

TEI (teed) 
TH (teed) 
TG) 

TGl 

TG1 (teed) 
TGla 

TG2 

G3 

TG4 

T'G4 (teed) 


TG8 
TGlG 


Instrumentation 
System 


Primary flight 
Acceptance test 
Auxiliary flight 
Stage teat 
Auxiliary flight 
R&D test 


Stage and acceptance 
tests 
Peimary fight 


Stage and «cceplance 
tests 
AuxiHary flight 


Stage test 
Auxillary flight 
Stage teat 


Aualliary Oight 
Auxillary flight 
Primary flight 
Stage test 

Auriliary fight 


Acceptance test 
Primary ilight 
Stare (esi 
Acceptance tent 
Accevtunce teal 
Auxillary flight 
Auxiliary flight 


. Stage test 


Stage tent 
R&D teat 


ace rman mnie fA | enn MRE ed 


AN one As AS 


Blectrical 
Connector 


JIS5 


(h) Original TG1 tap is romoyed, and new TGd tap ts at former TOT Ib tap location. 


11-44 


Engines ineurporating M1786 change 
Engines incorporating M0226 change 


ee a A ot 


Figure 11-16, 


a i ne ee cE 


ry IA A hey rahe A ri a A 


Engine Instrumentation List (Sheet 2 of 6) 
Change No, 7 ~ 4 Decembor 1969 


eee emery 8 
t 


C¢ hanye C 2 Cade 


Add Delete 


a 


TEMPERATURE 
Main fuel ingectiun 


(1) Main fuel injection 


Thrust chamber 
jacket No, 1 
Thrust chamber 
jacket No, 2 
fn) Thrust chamber skin 
No, 1 
(m) Thrust chamber skin 
Na, 2 
uel bleed valve 


Fuel durbine inlet 
(GG overtempera- 
ture) 

Oxidizer bleed valve 

(o) MOV closing control 
line 

(a) Heat exchanger 

(p) Heat exchanver 

oxidizer outlet 

(x) ASI fuel injection 

Helium tank 
Fuel lurbopump 
discharge 

(a) Fuel turbopump 
discharge 

Oxidizer turbopump 
discharge 

Oxidizer turbopump 
bearing coolant 

Fuel turbopunip 

(q) bearing 
({o) MOV housing 


Start tank 


(a) Engines incorporating MD237 change 


R- 3825-1 


Instrumentation 
System 


CFT2 Primary flight and stace 
test 

CFT2a Primary flight and stage 
test 

C81 Primary flight 

CSla Primary flight and stage 
teat 

CS2 Primary flight 

CS2a Auxlliary flight 

GFT1 Primary fight ard stage 
test 

GGT Acceptance test 

GoOT2 Primary flight and stage 
test 

- Primary fight and stape 

test 

HGT2 R&D and acceptance test 

HOT2 Auxillary flight and stage 
test 

IFTL Acceptance test 

NNT1 Primary flight 

PFT1L Primary flight and stage 
test 

PFT la R&D and acceptance test 

POTS Primary flight and stage 
tnst 

POT4 Auxiliary flight and stage 
test 

PST1 Auxillary flight and stage 
teat 

- Auxiliary flight and stage 

test 

TFT1 Primary flight and stage 
test 


Section XI 


ea esate 


Electrical 


Connector 


J131 
(Ik) 
J22 
J129 
J130 
(k) 
5159 
J161 


JL58 


(k) Flight electrical harness is remove . anddrag-in harness connected to obtain static-test 


measurement, 
fl) Engines incorporating MD262 change 


(m) Engines incorporating MD200 change 


(n) Mual-eloment transducer; stage-test electrical signal at vehicle patch-pancl 


(o) Engines incorporating MD248 change 
(p) Engines incorporating MDIOO change 
(q) Engines incorporating MD(72 change 


(x) FF ne uNcornOneNey MD827, MN328, MD329, MD332, or MN344 change 


Figure 1 1 -16, 
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Section X1 R-3826-1 


ee —| 
ee ot Tap Insirumentation Electrical 
Parameter Code System Connector 
TEMPERATURE (cont) 
Fuel turbine inlet TaT! Primary (ight J126 
Fue! turbine inlet TGTla Stage test ” 
Fuel turbine inlet TOTIb Stage test = 
Fuel turbine exhaust TGT2 Stage and acceptance - 
tests 
Oxsidizer turbine inlet 7 TOTS Printwary fligit J129 
Oxid:zer turbine outlet | TGT4 Primary flight 3128 
OTBY inlet TOES Stage teat : 
Klectrical control Priory flight Ja 
assembly 
Mleetrical control Stayre test J2 
assembly 
Primary FY package Primary Oight 108 
Auxiliary FI package Auxiliary flight PL1 
SPEED 
Fuel turbopump PFY Primary flight and stage J112 
test (t) 
Oxidizer turbopump POV Primary flight and stage J113 
test (t) 
FLOWRATE 
Engine main fuel PFF Primary flight J110 
Engine main fuel PFFa Stage test JI10OA 
Engine main oxidiuer POF Primary {Ught Jill 
Engine main oxidizer POFa Stage test JLLIA 
POSITION 
MFV Primary fliht and stage J1i4 
test (u)} 
MOV Primary tlight and stage JI1L5 
iest (u) 
GG control yaive Primary flight and stage J116 
test {u) 
Fuel bleed valve Primary flight and stage JLIS 
test (a} 
“xidizer bleed valve Primary flight and stace J132 
test 
OTBYV Primary flight and stage J117 
test (u) 


(a) Engines incorporating MD237 change 
(h) Original TG1 tap is removed, and new TGI tap is at former TGTib tap Jocation. 
(r) Qn engines incorporating MD263 change, transducer port is plugged. 


(s) On engines incorporating MD274 or MN355 change, plug is replecea by new transducer. 

(t) Seeondary (calibration coil is used for stave measurement; electrical signal is at vehicle pateh- 
panel 

(u) Stage-test applies to potentiometer trace. 

(y) On engines incorporating MN263 or MD355 change, transducer port is plugged. 


{2) On engines incorporating M274 change, plug is replaced by new transducer, 


eens te POTN mereres Sn pire nin steht ner Se eee, 


Figure 11-16.” Engine Instrumentotion List (Sheet 4 of 6) 
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Change Code _ 
Add 


a 


Pa. ameter 


POSITION (cont) 
‘ SI valve 
PU valve 


STDV 


Oxidizer dume com- 
pliance No. 1 
Oxidizer dome com- 
pliance No, 2 
Oxidizer dome com- 
pliance No. 3 
Oxidizer dome com- 
pliance No. 4 


VIBRATION 

Thrust chamber injecter 
dome No. 1 

Thrust chamber injector 
dome No, 2 

Thrust chamber injector 
dome No. 3 

Fuel turbopump inlet 
No. 1 

Fuel tucbopumy, inlet 
NU. 2 

Oxidizer turbopump 
inlet No. 1 

Ovxidizer turbopump 
inJet No. 2 


VOLTAGE 
Ignition bus 


Control bus 
RAVE 

GG spark No. 1 

GG spark No. 2 

ASI spark No. 1 


ASI spark No. 2 


Figure 11-16. 
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Engine Instrumentation List (Sheet 5 of 6) 


re re rn re 


Instrumentation 
System 


Primary flight 

Primary flight and stage 
test 

Primary flight and stage 
test 

Acceptance test 


Acceptance test 
Acceptance test 


Acceptance test 


Stage and acceptance 
tesis 

Stage and arceptance 
tests 

Siage and acceptance 
tests 

Stage and acceptance 
tests 

Stage test 


Stage and acceptance 
tests 
Stage test 


Primary flight and stage 
test 

Primary flight and stage 
test 


Stage and acceptance 
tests 

Stage and accey tunce 
tests 

Stage and acceptance 
tests 

Slage and acceptance 
tests 


nn: 


Change No. 7- 4 December 1969 


Section XT 


Electrical 
Connector 


—_ 


3120 
J119 


J2 
J2 
J2 
J2 
J2 
J2 
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Section XI 


(vj 
{v) (w) 
{v) 
(v) (w) 
(w) 


ne re 


| 
| 


Parameter 


BELECTRiCalL SIGNALS 
Engine ready 


Helium control on 


Ignition-phase 
control on 

ASI spark on 

GG spark on 

Mainstage control on 


Start tank discharge 
control on 
Star tank pressurized 


Spare monitor-jumper 
installed 
Start tank depressurized 


Spare monitor-jumper 
installed 
Ignition complete 


pressurized 
Mainstage OK Ne. 2 
pressurized 
Mainstage OK No, 1 
depressurized 
Mainstage OK Mo. 2 
depressurized 
Fuel injection tempera- 
ture OK (main fuel 
injection temperature) 
Engine cuiolf vehicle 
Engine cutoff lock-in 


Mainstage OK No. 1 : 


R-3825-1 


CFT24a 


Primary flight and stage 
test 
| Primary flight and stage 
test 
Primary flight 
Primary flight 
Primary flight and stage 
test 
Primary flight and stage 
test 
Primary flight and stace 
test 


Primary flight and stage 
test 


Primary flight and stage 
test 
Primary flight and stage 
test 
Primary flight and stage 
test 
Primary flight and stage 
test 
Primary flight and stage 
| test 
Primary flight and stage 
test 


Primary fight 
Primary flight and stage 
test 


(vy) Engines incorporating MD183, MD174, or MD202 change 
(w) Engines incorporating M204 change 


te 
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Tap Instrumentation 
Code System 
Primary flight and stage 
test 


Klectrical 
Connector 
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JZ 
Ji 
J1 
J2 
J2 
J2 
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TLUIOA JIA 3180 
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JREMENTS 
Y TEMPCRA .URE 


PIY MEASURCMENTS 
Dread 


ery wa 
J169 JE Ji92 


NIE SUREMENTS 


LL 


FLOW AND PUMP SPEED 
PRIMA: TEMPERATURE 


AUXKL 


AUXILIARY INSTRUMENTATION PACKAGE 


Nermereny, print 


MEASURZMEN J’ SOURCE, 


ti ON ENGINES INCORPORATING MD320 OR MDI51 
CHANGE, START TAHK RMERGENCY VENT VALVE 


CONTROL SOLENOID IS CONNECTED THROUGH PISS, 


GQ] eramixs NOT OORPORATING MD223 CHANGE 


OTE 


CONNETTOR R2F3 SHOWN 
IN PARENTHESES 


Figure 11-17, Fngine-to- Vehicle Electrical and Instrumontation Interface Scheraatic 
Changa No. lh ~ 25 May 1971 
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Section XI R-39925-] 


pret ie RAIS OLR RT ahr 


A SOI Rf APRA EE LRA PTR oe 


POSITIVE PEAK 


CO ean 


me eee ck ete em ee ee ee ee i ee eee 


APPROXIMATE 
STRAIGHT LINE 


ee ee a ee rod 


NEGATIVE PEAK 


TIME 


NOTE NEGATIVE PEAK APPEARS FIRSI 


THIS ILLUSTRATION REPRESENTS AN 
APPROXIMATE TEST CONDITION WAVE 
FORM AT AMBIENT TEMPERATURE AND 
LOW RPM. 


J7-1-3% 


i A RMA Kah 


or 


Figure 11-17A, Fuel and Osidiver Flowmeter Qutput Polarity (6M Stage) 
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11-5. DESIGN CRITERIA. 


11-6. The basic design criteria are as follows: 


NOTE 


Section VII contains detailed infor- 
mation on transducer types, data 
control, and processing. 


a. The accuracy of cach parameter at the 
output of the engine~supplied instrumentation 
system will be within 12.0 percent, except on 
engines not incorporating MD172 change; the 
thrust chamber P, will be within +0, 5 percent 
and the gas generator P. will be within :1.0 
percent. The accuracy Sneludes any error 
causcd by calibration of the transducer, it will 
he a design objective lo achieve accuracies 
equai with those required for an overall vehicle 
instrumentation within +5 percent. The re- 
quired measurement accuracies of all pressure 
parameters can be cbtained only by compensat- 
ing for long-term transducer drift by the 
methods described for pressure transducer data 
reduction in section VIi, lf compensation for 
transducer drift is not performed, errors in 
excess of +10 percent are possible at the engine 
interface, 


b. ‘The transducers will not require physical 
calibration after installation on the engine. 
Provisions for applying an electrical signal to 
each measurement are incerporated for auto - 
matic checkout, except those parameters for 
which the vehicle contractor provides signal 
cond tioning. 


uv. Pretection is provided where transducers 
tubing, or cable harnesses may possibly be 


i rer TE HS een, ERATE, Hei 


PIN FUNCTION 
“ LOW {MORMAT POSPHON) 
n WIPE! 
“ HIGH (AC TUAEL TD POSITION) 
»D CASE GROUND 


(TEN UFR) 


nm sig. ee ee oO re my Pen Re 


Figure 11-18, 


Section XI 
Paragraphs 11-5 to 11-6 


damaged during assembly and checkout of the 
vehicle, 


d. Each potentiometer-lype transducer inust 
have an excitation vollage of 15 vdc; transducers 
with integral clectronics, +24 to +32 vdc, 


e, Transducers v..th integral electronics 
provide a 0-5 vde output into any specified load 
between 100,000 and 500,090 ohms. Signal 
conditioning of all other transducers is provided 
by the vehicle contractor. 


f. Any meanurements or signals required 
for engine control or sequencing must be a part 
of the engine control package. 


z. Pin functions for potentiometers are 
thown in figure 11-18, 


h. Pin functions for de-de type pressure 
transducers are as follows: 


(1) Pina: 
(2) Pin B: 
(3) Pin C: 


+28 voll positive excitation 
+5 positive oulput voltage 


-5 negative output voltage return 


(4) Pin D: -28 negative excitation voltage 
return 

(5) Pin FE: 128 volt, 20-percent calibration 
excitation 

(6) Pin F: 128 yolt, 60-percent calibration 
excitation 


i. Pin functions for resistance-hulb tempera- 
ture transducers are shown in figures 11-19 
and 14-20, 


j. Only absolute pressure transducers are 
used, 


J2-1-10 
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I'ntentiometer-Type Transducer Scheniatic (Typical) 
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AA NN A OAR A yr tse arm 


PIN A aE 


SENSOR OUTPUT 


PIN ti ar sentence 
OUTPUT COMMON 


PING wararw 
(INPUT COMMON 


J2-E LL 


tt parte eee Eine: 


— Ce al 


Figure 11-19. Resistanec- Bulb Temperature 
Transducer Svthernatie (Typical) 


11-7. PUMP INLET MFASUREMENTS., 


11-8. To fully evaluate the propulsion system 
during flight, the vehicle mannfacturer must 
supply instrumentaiion for measuring the oxi~ 
dizer and fuel pump inlet pressure and tem~ 
peratures. These parameters are not included 
with the engine system, since the measurements 


EE ee EE A a tN LT FG ee rerY Pheu rine 


7 RECKUTACLE 


SENSOR OUTPUT 


OUTPEYT COSIMON 


INPOT COMMON 


SENSOR OUTPUT 


OUTPUT COMMON 


INPUT COMMON 


rE TOY 


aoe se 
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Section XI 
Pav ~‘aphs 11-7 to 11-10 


must be taken in the vehicle ducting. The instru- 
mentation pick-off points should be located 
adjacent to the engine propellant duct anges. 


11-9. TURBOPUMP TACHOMETERS, 


11-10. Both turbopumps are cquipped with 
magnetic pickups te measure turbopump speed 
and to provide a turbine overspeed cutoff signal 
for static testing. The magnetic pickups are 
utilized to provide turbopump speed for the in- 
strumentation system. ‘The output of the mag- 
netic transducers is designed tor peneration of 
a 1-3 volt pulse suitable for direcl telercetry. 
The fuel turbopump rofor is fabricated from K- 
monel, which does not exhibit magnetic qualities 
until ehiJled tn ~300° F. Theretore, checkout 
of the tachometer by spinning the turbapunip is 
not feasible at ambient lLesuperatures, [lectri- 
cal checkout can be accomplished, however, by 
applying a voltage to the checkout coil and in- 
ducing a vollage in the signal coil. This check 
may be made at either ambient or cryogenic 
tetnperatures. 


SENSING 
ELEMENT 
. A 


SEMSING 
PLEMENT 
bh 


Ja-b-t5 


oo A pres ate 


Figure 11-20, Resistance-Bulb Dual-FElement Temperature Transducer Schematic (Typical) 
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Section XI 
Paragraphs 11-11 to 11-28 


11-11. VALVE POSITION INDICATORS. 
11-12. The primary flight instrumentation has 
the capability of providing a position indicator 
Signal for the MOV, MFV, GG control, OTBYV, 
STDYV, PU valve, ASI, and propellant bleed 
valves. The position indicators on the campo- 
nents are 2,000-ohm potentiometers and/or 
position switches. Voltage ratio is used to deter- 
mine potentiometric valve positions. Voltage 
ratio is obtained from the telemetry potentiom- 
eter signal and is caleulated from the formula 


aon ratin = potentiometer output in volts 
Voltage ratio = yotentiomeler input in volts” 


Voliage drop between the power supply and the 
engine interface must be accounted for when 
determining potentiometer input. 

11-13, PROPELLANT PLOW MEASUREMENT, 
13-14. Flowmeters are provided within the 
high-pressure propellant discharge ducts to 
measure main fuel and main oxidizer flowrates. 
The basic element of “ue flowmeter is a helical- 
vaned rotor which is turned by propellant flow 
to measure flow velocity. The flow dlameter 

is closely controlled to permit accurate dcter- 
mination of the volumetric flowrate. Within 

the fuel flowmeter is a four-vane rotor which 
produces four electrical impulses per revolution 
and turns approximately 3.600 rpm at nominal 
flow. The oxidizer flowmeter includes a 5ix- 
vane rotor which produces six clectrical im- 
pulses per revolution and lurns approximately 
2,400 rpm at nominal flow. The output of the 
magnetic transducers is designed for generation 
of a 1-3 volt pulse suitable for direct telemetry. 
Electrical checkout of the flowmeter can be 
accomplished by supplying a voltage to the 
checkout coil and inducing a signal in the meas- 
urement coil. Oxidizer and fuel flowmeters 
have redundant magnetic pickups for stage 
static-test instrumentation, 


11-15. INTERCONNECTING HARNESS As- 
SEMBLIES. 
11-16. Flexible armored harness assemblies 


are provided for connecting the various trans- 
ducers, where applicable, to their respective 
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instrumentation packages, and the necessary 
vehicle-to-~cengine interface at a customer con- 
nect point. 


21-17. PRESSURE MEASUREMENT. 


11-18. Engines are delivered with dual-seal 
instrumentation bosses. (See Slgure 11-21.) 
The seals utilized between the bosses and trans- 
ducers or transducer lines are Naflex seal 
404659 for nomina] and low-temperature appli- 
cations, and Naflex seal 40466] tor temperatures 
in excess of 160° F. If the dual-seal instrumen- 
tation bosses are not utilized, plugs are provided. 
The plugs contain a vent hole that alines with 

the intermediate vent between two concentric 
seal surfaces on the Naflex seal. 


11-19. The seat vent port in the plug head is 
plugged with plug RD273-1020-1002, or a di- 
mensionally equi calent plugs, and O-ring M829513 
or solid copper gasket RD261-6001-0001. The 
port is used to check for primary seal leakage 
under the plug. A tube is connected tn the port 
and routed to a leakage- monitoring device. 


11-20. TEMPERATURE MEASUREMENT. 
11-21. Fignive 11-22 illustrates a typical tem- 


perature transducer installation. Temperature 
transducer NA5-27215 is directly installed in 
boss 405859. Naflex seal 404666-7 is utilized 
to efiect a seal. Leak-detection features identi- 
cal to the dual-seal pressure boss are provided. 


141-22. Transducers utilized in the GG exhaust 
system are mounted in the same manner as 
transducer NA5-27215 (paragraph 11-21), except 
thai seal 404681 is used when the temperature 


x 


range is in excess of 160° F, 


41-23. A thermocouple monitor is provided 

for sensing a GG temporature during static test. 
It is recormmended that an overtemperalure 
cutoff device be used in conjunction with the 
temperature signal for ali static Mrings. 
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CRES INST, ADAPTER FITTING 
701885 OR SIMILAR, 
CAUTION: FILTING 701855 DIMENSIONS 
= DRILL NG. 50 (0.085 10 0,075) MNUS1 BK MATINTAINLD POR TEP HOSS 
THROUGH, FOR LOCKYIRE SWE OF ANY SUNSTITUTE FITTING — 
6.950 MIN 
AEA, COMPACT 
pee DIA ~ SEAL 404099, (SEAL. 40466] FOR 
ay, 


TEMVPERATINES ABOVE 190° F) 


1.05 HOSS DIA — 


FITTINGS OMLT TED 


™ UNION ANGI5-2C Ol R273 -120~1002 
FOR CLARITY —- O 443 pe GASKE( 8t1029513~19 
FULL THRE AD {GASKE, f:149261-600L-0001 FOL 
TEMPERATURES ABOVE 16)* 5) 
NOTES BOSS PLA ARMIO0CO 2 


! ALL REFRRERCH 10 PART NVUMBFES DESIGNATE ROCKE TDYNF DITAWIMUS 


2. ‘FORQUF VALUFS, FOR t/a TUNE SIZE, TORQUE FITTING TG 10-16 IN. LBS 
FOR 3/4 TUBE SIZF, TORQUE FITTING TO 38-42 IN LAS 
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Figure 11-21. Dual Seal Instrumentation Boss for Pressure Measurements (Typical) 
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Figure 11-22, Temperature Transducer Installation (‘Typical) 
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Section XI 


Paragraphs 11-24 to 11-27 


11-24. 
MENTS. 


STAGE STATIC-TEST MEASURE- 


11-25, On engines not incorporating MD150, 
MD280, or MD281 change, connections are 
provided for 17 additional instrumentation 
pressure measurements for stage static test. 
Mounting provisions are made for the trans- 
ducers, and the engine is delivered with durmmy 
transducers in place to seal and provide stabil- 
ity for the lines. The dummy transducers are 
removed and the following transducers are 
installed by the vehicle contractor: 


a. Oxidizer turbopump bearing coolant (POT). 
(Removed on engines incorporating MD269, 
M282, MD296, MD313, MN31 14, or Mpo{5 
change. } 


b. Thrust chamber (CG1). (Removed on 
engines incorporating MD303 or MD304 change.) 


c. Helium tank (NN1) 
d. Start tank (TFL) 


Helium regulator outlet (NN2) 


w 


f. GG oxidizer injector and purge (GO5) 

g@. Oxidizer turbine outlet (TG4) 

h. Fuel turbopump balance piston (PFS) 

i. Oxidizer turbopump primary seal (PO) 

j. GG fuel injector and purge (GF4) 

k, Fuel turbopump discharge (PF2) 

1. Thrust chamber (CG1a) 

m. Main sue injection (C F2a). (On ongines 

237 CF2a becomes 

CF? : stage wlatie test and is teed to the flight 


CF2 instrumentation sensing line. } 


n. GG combustion chamber (GGla), (Re- 
moved on engines incorporating MD237 change.) 


o. ASI combustion chamber (IGL). (Removed 
on engines incorporating MD192 or MD246 
change, ) 
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p. Oxidizer pump discharge (PO2), (On en- 
gines incorporating MD237 change, PO2 becomes 
PO3 stage static test and is teed tc the flight 
PO3 instrumentation sensing ne. ) 


q. OTBV nozzle inlet (TG8). (Removed on 
engines incorporating MD226 or MD237 change.) 


NOTE 


On engines i: corporating MD150, 
M280, or MD281 change, all re 
strumentation lines and transducer 
mounting provisions added by the 
MN88 or M.J111 change are re- 
moved from the engine as well as 
the two redundant magnetic pickups 
installed on the Nowmeters. 


11-26. GAS GENERATOR OVERTEMPERATURE 
TRANSDUCER MATING CONNECTOR TO 
CABLE JOINT REQUIREMENTS. 


11-27. The following is the recommended con- 
nector, wire, and method for joining the wire 
to the connector of the drag-in cable for the GG 
overtemperature transducer: 


a. The following if a Net of recommended 
equipment: 


(1) Connector RD4114-1013~-1002 
{recommended because of its torquing capability), 
or equivatent, 


(2) Stranded thermocouple wire WC69673 
(Revere Corp of America), or equivatent. 


(3) Toolkit 11-3695 (Bendix), or equivaleut, 
for removing pins from connector, 


(4) Toolkits 11-2675 and 11-7345 (Bendix), 
or equivalent, for rcinserting connector con- 
facts, 


(5) Adapter plate 11-'7314-11 and locating 
gage 11-7313-1 (Bondix), or equivalent. for 
checking proper position of the pins. 


(6) Epoxy resin, Epon 828 (Shell Chemical 
Co), or equivalent, for potting area around 
contacts after pins are in place, 


R-3825- 


(7) Flux: potassium fluoroborate (grade 
technical) 75-77 percent by weight, ethyl 
alcohol 2-3 percent by welght, and remainder 
of deionized or distilled water. 


(8) Braze filler metal consisting of: 
(a) Silver (AG), 56 percent 
(b) Copper (Cu), 22 percent 
(ec) Zine (Zn), 17 percent 
(d) Tin (Sn), 5 percent 
NOTE 
This alloy may be oblained from 
Handy and Harman Co or American 


Platinum and Silver, Division of 
Engelhard Industries, Inc. 


b 


. Using proper tvol, remove pins from 
conne 


ctor. 


eta 


Flight or Flight 
Simulation Power: 


a a Ae oy lc 


a, 


(1) Pressure transducers 


(2) Valve positicn potentiometers 


(3) Valve position switches 


(4) Temperature transduce 


b. Auxiliary instrumentation 


1) Pressure transducers 


(2) Temperature transduce 


Ne te anne et ee mer 


Figure 11-23, 


Primary instrumentation system power: 


Section XI 
Puragraphs 11-28 to 11-29 


1 


ce. Clamp connector contact on a chill block 
to prevent damage to socket contact spring from 
high temperature, 


d. Using proper flux and filler alloy, torch- 
braze wire to contact. 


e, Using proper tools, insert connector con- 
tacts inte connector frum brazed-wire side. 

f. Cheek for proper positioning of pins. 
g. After pins are in place, pins must be se- 


cured by potting area around contacts to a depth 
of 0.03 to 0,06 inch, 


11-28. 
MENTS. 


INSTRUMENTATION POWER REQUIRE- 


11-29. Direct current power is used for opera- 
tion of the flight instrumentation system. Power 
definitions and requirements are listed in figure 
11-23. 


rene NNT PO A LP i Ae TR 


a4 watts maximum (at 32 vdc) with 
a voltage range of 24-32 vde; 1, 54 
watts maximum additional for each 
electrical simulation (transducer 
simulation) during period of electri- 
cal simulation 


0.5 watts maximum, continuous at 
5 vde 


2.0 watts maximum, at 24-32 vde 
fox each closed switch 
rs Depends on s‘age circuitry. (See 
figures 11-2, 11-4, 11-9, andil-11,) 


system power: 


46 watts maximum (at 32 vde) witha 
voltage range of 24-32 vde; 1. 44 watts 
additional for each electrical simu- 
lation (transducer simulation) during 
pemiod of electrical simulation 


Depends on stage circuitry. (Sec 
figures 11-2, 11-4, 11-9, and 11-11.) 


ITE 


rs 


Power Definitions (Sheet 1 of 2) 
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Direct Curcent: 24-32 ydc. The de peak ripple voltage must uot exceed 0.1 volt measured 
with a peak-reading V'I'VM in series with a 4. G-microfarad capacitor. The 
higher os the two values, measured when the voltmeter is successively con- 


nected for cach of the two polarities, must be considered when determining 
the ripple voltage. 


ae 


Alternating Current: During checkout, ac voltages required for obtaining electrical simulation on 
the pump speed transducers and the main propellant flowmeters are as follows: 


a. 0,2 watts maximum for each coil during period of simulation at 10 vac, 
single phagso, 200 40.2 cps for the flowmelter-pickup simulation 


b. 0.2 watts maximum during period of simulation at 10 vac, single phase, 
5,850 +5 eps for the fuel pump speed-transducer simulation 


c. 0.2 walts maximum during pericd of simulation at 10 vac, single phase, 


1,920 42 cps for the oxidizer punip speed-iransducer simulation 
, I 


ER I EE Te EU 


Figure 11-23. Tower Definitions (Sheet 2 of 2) 
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| Pages 11-67 through 11-82 deleted, 
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Section XII 
Contents 


Paragraphs 12-1 to 12-7 


SECTION XII 


CUSTOMER CONNECTIONS 


TABLE OF CONTIANTS 


PARAGRAPIL PAGE, 
le~a FNGINE ENVELOPE DIMENSIONS... 1g-1 
[2-4 CHSTOMEN COKNEC- TIONS AND SEALS, . 12-1 
12—5 Customer Connection Voindsa...... 12-1 
12-7 Mechanical Connentioni.... cerns 1lZ-] 
lo-i Hydraulic Pump Mounting. ......65 12-2 


Undertined titles denote primary paragraphs, 


{2-1. SCOPE. This Section lists customer 
connection points, recommended engine-to- 
vehicle connecting hardware, and engine seals. 


12-2, ENGINE EVELOPR DIMENSIONS. 


12-3. The engine is within a basic envelope 
approximately 80.75 inches in diameter and 
133 inches in length. Refer to Rocketdyne 
blueprint 106475 (customer connect interface) 
for detailed engine dimensions. 


12-4, CUSTOMER CONNECTIONS AND_ 
SEALS. 


12-5. CUSTOMER CONNECTION POINTS, 


12-6, The engine has three types of customer 
connertions: mechanical, electrical, and fluid. 
The vehicle contractor must obtain Rocketdyne 
concurrence before attaching any additional 
Hues, brackets, clamps, or other hardware to 
the engine. 


CAUTION 


‘The attaching of vehicle contractor 
lines, brackets, clamps, or other 
hardware to the engine without 
Rorketdyne analysis may result in 
reduced engine reliability. 


PARAGRAVH PAGE, 
12-9 Hleetrical Commectjonsi.. cc... eee 12-2 
}u-1t} Blind Canneetiang. cc. cee cee ee loew 
lume Requirenonts for Ingtallation 

of Supports on Fluid Lines 

(SIT Stage. Center Engined)....... 12-f 
1a-h> Bngine SeQ ls. ccc cece eee cee eee eee Lu-8 


12-7. MECHANICAL CONNECTIONS, Mechari- 
cal connections are those which are used in 
mounting: the engine to the vehicle structure or 
for the attachment of accessories. They include: 
a. Gimbal block mounting face. 
bh. No. L actuator attach point. 


c. No. 2 actuator attach point. 


ad. Fuel inlet duct forward flange (gimbaled 
engines only). 


e. Oxitdhzer inlet duct forward flange (giin- 
baled engines only). 


f. Fuel turbopump inlet flange (nongimbaled 
engines only). 


g. Oxidizer turbopump iniet flange (nongim- 
baled engines only). 


h. Hydraulic system installation flange and 
brac«ets. 


i. Vehicle-inounted electrical interface 
panel, 


j. Base heat shield attach brackets. 
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Section XIT 
Paragraphs 12-8 to 12-10 


12-8. HYDRAULIC PUMP MOUNTING. The 
vehicle nydraulic pump is installed on the oxi- 
dizer pump accessory drive and secured with 
nuts RD114- 8005-0006, or equivalent, and 
washers RD153-1002-0006, er equivalent. 
Torque nuts to at least minimum standard 
torque value, but do not erceed 350 in- lb. 


12-9, ELECTRICAL CONNECTIONS. The en- 
gine electrical connections are terminated inde- 
pendently at the stage or test stand interface 
panel. Electrical cable clamping blocks, which 
are removed from the engine during installation 
and mounted on the stage or test stand, transfer 
cable loads to the vehicle structure. 


12-10. FLUIN CONNECTIONS. (Sce figures 
12-Jand12-2.) Allengine fluid lines, except main 
propellant ducts, are routed across the gimbal 
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plane by the engine contractor to a common in- 
terface point where they are connected to a 
vehicle- mounted panel during installation. The 
connections are listed below: 


a. Start Tank Initial Fill -- for ground filling 
of the engine start ‘ank with gaseous hydrogen. 


b, Start Tank Vent and Rehef Valve Drain--a 
drain line that is routed overboard Ly the vehicle 
contractor to prevent accumulation of hydrogen 
in the enclosed engine compartment. 


c. Start Tank Vent Valve Cuntrol -- a vehicle 
pneumatic source is required to open the start 
tank vent valve when required for tank venting 
or for tank conditioning and filling. 


oo 
THRUST OO 
CHAMBER : 
JACKE’ o(9 Jo 
PURGE o-G 
HYDROGEN 
sy O) Tank 
OXIDIZER (c) PRESSURIZATION 
PUMP 
Pan START TANK 
BRAIN INITIAL FIDL 
ce FUSL ALEED 
START TANK oS oON~o 
VENT & q'Y MEAT EXCHANGER oO 
REEF HELIUM INLET 
VALVE es (0) 
OXIDIZER 
O}TANK 
wa “3 PREASURIZA LION 
HELIUM 
TANK ria \O\ 2 
O~O oo, 
he >) re 
Now LOX RLEFD 
START TANK UY 2 LINF, 
VENT VALVE [OQ 
CONTROL FED, FUME 


©) 
CALIPS 


CHECKOUT 
LINE 


IT Rr a se, A SI NY SAREE Dy 


Figure 1a- 4. 
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ON ENGINES INCURPORATING MD103, 
OK MO1e4 CHANGE (SIVD STAGF GNTY) 


1} ON ENGINES INCORPORATING HDJ01, 
MD302, MD}22, Of MD32) CHANGE 


d2-1-77A 


eee 


Engine Fluid Interface Pani 


‘ON OKUCHD 


OLBT Ounft 8 - 6 


6-7 


Pressure | Temperaiure | 
C 


| (osia} 


Frisid 
interface Connection Media | Remarks 
{ ig’ ‘bd | , 
Start tank Fil | CH or Het 1, 2007) | 1,400 -so0'®) -400— | | w/A | Start tank condition 
nitial ill ° 4, 250 | -200°"" | | (f} ing aud filling before 
imtial start ‘cround 
| | *11)(a} 
Purge| GH or Ee j 550 ambient { ambient N/A Purge before initia? 
© (f) | fi11 after syster has 
| been opened, (cd, 
= — ee ee 
Start tank vent- GH NA 1,40¢ -309 i ambient N/A N/A } FO prevent camage 


and- relief valve 
drain 


to the control section 
scaphragm, pressure 
| in valve vent cavity 


tmaust aot exceed pres- 
Sure in control cavity 
by more than $9 psid. 


+ ree wee 
-_ 
en =e ® 


N/A N/A Start tank condition- 
| ing and venting 


Start tank vent 
valve control 


(ground contro.)}; con- 


| | | trol line drying. (¢) 


Hydrogen tank | GH, Refer to curves .n R-3825-'B for pressure, temperature, and 
pressurization _ flowrates. ' 

Oxidizer tank | GOX (Sm) Refer to curves in R-3825-1b for pressure, temperature. and 
pressurization {| He (SIVB; flowrates. | : | | 


{a} Engines incorporating ME361 change 

(6) Applicabie to nonrestart engines 

(c) Applicable to initial sta.: of restart engines 

{a} Refer to R-3825-1B for detailed requirements. 

{e}) If control pressure in the range 585-621 psia is applied to start tank vent-and-relief valve more than100 times, vent-and-reiief 
valve must be replaced 

(f} Refer to R-2325-1B for start tank maximum pressur:zation rates. 


Figure 12-2. Fluid Interface Connections ‘Sheet 1 of 3) 
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1 2unf g > GB ON AduHdD P-<él 


. 
4 


OLE 


; ee 
| Pressure | Temperature | { 
| (psi2} | (oF Flowrate | 
interface Connection Media | Miininse zm| Masi mum | Minroum! Maxmem! Minimum! Maximum, Remarks 
| wo) N/A NA | Filling tank before 
1d SnB B nor- initia: start (ground 
| | restart: ambient | #312)(d) 
Purge | He 1. 800 ambient | ambienr | NA N/A Purge before initial 
| i fill after system has 
| | | deen opened (¢) 
Fue! dlved line [hydrogen [ N‘A | 132 [-425 | ambient [ (@) | (@)— | Chilldown(@) 
ee a ee 
LOX pieced iine [oxygen | N'A | 132 [-260 fj ambient | @) |  {@) | Crittdown(@) 


| ambient N/A 3.0 scfm 


Start tank 
emergency 
vent valve 
Perl araic ints 


-360 - 109 Q. 72 


3 Back pressure 2 
40 tb’ min 


system must not ex- 
ceed 30 psia. 


i 
t 


Pucse manicid system | He | 82 t3t 50 SIVB: 200 | 8 scim nominal SIVB restart engines: 
(rarcopump and GG | | (see SH: 160: ~+50° F minimum 
purges) remarks* {groand) and -59° F 

| | mimimun) (in flight 4d) 


idj Reier to R-oSf6 


% r 
‘ mF ween SS é - 5 
g; Engines inocrporating MD22C or MDS3i change 


Figure 12-2. Fluic Interface Connections (Sheet 2 of 3) 
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GGL. 


interface Connection 


590? 
3. 
ambient’ 


Thrust chamber Purge} GN 


} 
2 ago{h?) 
jacket purge and or He Z 


Calips checkout line | GN, 
Heat exchanger héelicir | He j , 
inlet (SIVB only) i | 
t= + (ik) Y i £4. 3 { S 
Fuel ialet duct hydrogen o8 (3 | ~454 i See figures 6-1 and 
| 8-2. 


of 


Oxidizer inlet dact 


Oxidizer PRmnP primary oxygen , NYA 


22 
seal drain\@m and/‘orHs | 
| 


(@} Refer to R-3825-1B for detailed recuiremenis. 


(a) SIVB restart engines 

{i} SIVB nonrestart engines 

(i) Si engines 

(k) On SD stage center engines, values apply to turbopump inlet flange. 
il} Refer to R-3325-15 tor pressure values. 

(m) Engines incorserating MD301, 410392, MD322. or M323 change 


Figure 12-2. Fluid interface Connections (Sheet 3 of 3} 


Ma yimum ealiscwable 


surge pressure is 
122 psia. 


Maximum aliowasle 
surge pressure is 
132 psia. 


Pressure must aot 
ee 12 psig at 

1.75 me min and 
~200° F 
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Section XH 
Paragraphs 12-11 to 12-12 


ud. Hydrogen Tank Pressurization -- gaseous 
hydrogen is tapped off the engine thrust chamber 
fuel injection manifold for vehicle fuel tank 
pressurization. 


e. Oxidizer Tank Pressurization -- vehicle 
oxidizer tank pressure is supplied from the en- 
gine hvat exchanger. On engines jacorporating 
M1105 or MN104 change, the henura inlet js 
to the heat exchanger. The feat exchanger oxi- 
dizer supply line is rernoved and the tapoff 
point capped. 


f. Helium ‘Vank Fill -~ for ground filling of 
tue engine helium tank. 


g. Fuel Bleed Line -- allows circulation of 
fuel during chilldown to achieve required quality 
in the engine for starting. 


h. LOX Weed Line ~~ allows circulation of 
oxidizer during chilidown to achteve required 
quality in the engine fur starting. 


i. Buel Pump Drain -- perndta routing of 
geal purge gases and fuel leakage overboard 
and provides an ovecboard vent for the start 
tank when lhe start tank emergency vent valve 
is actuated. 


j. Purge Manifold System ~- for purging the 
fuel turbuopump primary seal, fuel turbopump 
turbine seal, oxidizer turbopump turbine soal, 
and gas generator fuel injector. 


k. Thrust Chamber Jacket Purge -- for 
purging moisture from the thrust chamber, for 
pre-chilling the thrust chantber before start, 
and for pursing fuel and contaminants from 
tlirust chamber after cutoff, 


Il. Heat &xchanger Helium Intet (engines 
incorporaling M105 or MIJI94 change) -- used 
when heltun id used for vehicle oxidizer tank 
pressure. (Refer to step e. ) 


nm. Calips Checkout Line -- permits function- 
tesling No. Land No. 2 mainstuge OK pressure 
switchea. 


n. Oxidizer Pump Primary Seal Drain (en- 
gines incorporating MD301, MD302, MD322, or 
M323 change) -- 4 drain line that is routed 
overbyard by the vehicle contractor to prevent 
accumulation of oxygen in ihe enclosed engine 
colnpartment, 


12-6 Change No. 11 - 2h May 1971 


R-3825-1 


14-21, The oxiuizec turhopump primary seal 
drain and the fuel and oxidizer turbopump turbine 
seal drain are routed overboard along the thrust 
chamber contour to the chamber exit, On en- 
gines incorporating MD301 or MD302 change, a 
burst diaphragm is connected to the end of the 
oxidizer turbopump primary seal drain tine. 
(The overboard primary seal dratn ine is teed 
to the line that is routed w the customer connect 
described in paragraph 12-10, step n.) These 
lines affect interface with respect to engine 
envelope and heat shield. (ltefer toRocketdyne 
blueprint 106475. ) 


12-12, REQUIREMENTS FOR INSTALLATION 
OF SUPPORTS ON FLUID LINES (SI SAGE 
CENTER ENGINES). During (natallatton of the 
center engine into the SII stage, it is necessary 
to remove sume of the engine flexihle Hne sup- 
ports to aid installation of the engine. When 
sluge-supplicd supporta are installed on the 
engine, observe the following: 


a. Tustallation of fuel bleed, oxidizer bleed, 
and oxidizer tank pressurizing lines. (See 
figure 12-3.) 


(1) Offset dimensions must not oxceed 4 
inclws. 


(2) An adjustment or sawing mount must be 
provided at firat mounting palnt off engine, This 
Will ousure there 1s no axial preload caused by 
engine thrust allnement, engine build-up toler- 
ances, or veliicle hulld-up tolemunces, 


b&b. The following mintmum bend radii, based 


on flexible line size, must be observed: 
Minimum Bend Minimum Bend 


Itadius Inside Radlus to 
Diamoter Centerline 

Juterface Tine _ (inches) | (inches) 
Oxidizer bleed 7.25 8.00 
Oxtdlzer tunis 6.88 7.50 
pressurization 
Fuel bleed 9,00 10,00 
Fuel pump drato 4.77 3,00 
Purge manifold 3.93 4.25 
syntem 
Start tank initial {,33 5.75 
fill 
Start tank vent 2.77 3.00 
valve control 
Helium tank fill at 3.00 
Start tank vent and = 6,33 5.75 


relief valve drain 
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nme VARIABLE D)MENSION 


we 9,00 40.18 DA. 
TYMICAL YOR FUEL 
BLEED VACUUM 
JACKET 
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ay 


a  » 


ee Ne 


“Spor FOR 
S MING MOUN? 
oe 
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view A-A pot ee Oa ADJUSTMENT 
Al 
t 
| 
be Jel = ee Nts 


~ OFFSET 
4 INCIIFS MAXIMUS 
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Figure 12-3, Requirements for Installation of Support on Fluid Lines (SI Stage, Center Engines) 


Minlininn Bend Minimum Bend 
Radius Inside Radius to 
Dlarmotexr Centerlhie 
Interface Ling (inches) (uches) 


Thrust chamber §.33 9.75 
jacket purge 


Oxidlzer pump 3.08 3,90 
prbuary seal 

vain 

Calips checkout 2.77 3,00 


ce. Elexible sections must not be installed 
inn twinted configuration since a twlat tends 
to unwind when pressurized, putting toratonal 
loads on flexible line. 


d. Lincs must be supported by clo:nps on 
hard iube section between Nexible sections, 
Rigid clamping of flexible lines on flealble 
portion must be avolded, 


e. When flexible sections ace restrained to 
prevent chaflag against each othar, the follawing 
muat be observed: 


(1) Clamping or spacing device must be 
oversized ind Itned witha material that will nol 
,iuse chafing, 


(2) Materlals aged in clamping must bo com- 
patible with femperature extromes ranging from 
“~4lu tw :200°F, depending: online involved, 


(3) Woight of clamping device must be suy- 
ported by structure rather than by other llnug,. 
(4) No clamping is allowed on flexible 
soction adjacent to engine. 
NOTE 
The outside diameter of flexible sec- 


tlongs may Vary, depencting on the line 
manufacturer, 
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Seciion XTl 
Paragraphs 12.13 to 12-16 


12-13. ENGINE SEALS. 


12-14. All separable hot-gas and propellant 
flanges and connections are equipped wits a 
dual-statie seal incorporating an intermediate 
cavity between the high-pressure and low- 
pressure sealing areas. Tho intermediate 
cavily may be monitored by routing a Hine from 
the cavity to a loakage-measuring device as 
shown in figure 12-4, 


12-15. The pneumatic control system also uses 
the dual seal, which is monitored during leak- 
tests, 


a AY EE OTL MOULD itech felcadirteblatateteS I ES EET 


Figure 12-4, 
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12-16. Ali interface connections between the 
engine and state are desigaed to accurmmodate 
the dual-type seal. The seuls and the seal drain 
bosses are not included in the engine package, 
with the exceplion of the seal drain busses that 
are provided on the main propellant inlet duct 
interface flanges, See figure 12-5 for Interface 
seal information and flange dimensions. All 
seals and connecting hardware for interface 
connections are furnished by the vehicle con- 
tractor. Fluid interface connection requireineits 
are outlined In figure 12-5. 


42 VT 
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Flange Seal (S'ypical) 
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j . | 
i | Flange 
{ Interface Thickness 
™: a 2 7 1 
ine deal and No. and Bolt | 
Interface Size (Rocketdyne Size of Bolt Torque 
: , f - . {a}d) } 
Consestior | (nches} Usage} Boltholes Size | Bolt (in-1b} Washer 


i 
| | | 
Start Tank Initia! Fill { 1/2 | 404673-13 | 9. 500 | ¥’g-28 | RDI21-1009-34xx i 6025 | RD153-5001-00u4, 
; 6-3, 32 | or equivalent 
| 
Start Tank Vent-and- | 1/2 | 404673-13 | 0. 590 1-23 | Rp111-1009-34xx | 6025 | RDI53-5001-0004, 
Relief Valve Drain | | &-9,°32 | or equivalent 
1 
Start Tank Vent Valve 1/4 1 404672-13 &. 560 | 1°4-28 RD111-1009-24KK |} 6945 | RD153-5001-000¢, 
Control | 6-9'32 | or equivalent 
{ 
Hydrogen Tank 1-1-2 408761 0. 593 | 1/4-28 2D 11-1008-34XX | 60 25 | RD153- 5001-0004, 
Pressurization | } 8-9 32 | | ; or equivalent 
Oxidizer Tank ; J-1'4 { #08761 0, 6S 1/ 4-28 RD11]1-1009-34%X | 60 +5 | RD153- 5001-0004, 
Pressurization | 8-9,°32 | or equivalent 
Helium Tank Fill 1/4 404673-13 0. 506 | 1-4-2 RD111-1009-34xXXR% | 60 +5 RD153-5001-0004, 
| 8-9 32 { or equivalent 
Fue! Bieed Line 1-1/2 405673-35 0. 5$3 1 4-28 RD21i-1009-34X%X | 60 +5 RD153- 5061-0004, 
&-§ ‘32 or equivalent 
LOX Bleed Line | 1-1/2 404673-35 0. 593 ty 4-28 RDili-1069-345X% | 60 +5 | RD153- 6001-2064, 
' 5-3 32 | } or equivalent 
Fuel Pump Drain 1’4 404573-23 o. 500 I 4-28 RD111-1009-34XX% | 60-5 RDi93- 5001-0004, 
6-9 /32 | or equivalent 
| 
Purge Manifold System 3,8 404 673-13 0. 306 | 1/4-2¢ RD111-1009-34XX | 60 +5 RD152- 5001-0054, 
: 6-9 “32 j or equivalent 


{a) Initial boit lubricant is Drv-Lube. No more than one installation of a boit is allowed without recoating bolt with dry- film 
iubricant RB0140-607 (Recketdyne?. 
(o) Bolt strength is 140, 000 nsi. 
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icure 1,-5, Fluid Interface Connection Requirements (Sheet 1 of 2) 
re) M 
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Flange 


Ol -eF 


209 =10 | RD153- 5002-0006, 
| 


RDi11-1009-3§X% | 200 +10! 


I 
t 
interface | Thickness | 
ine Seal | and No. and i Bolt 
Interface Size {Rocketdyne | Size of | Torque 
2 Connection (inches, Usage) | Boitholes in- 1b} Washer 
™~ 
= 
@ Thrust Chamber ; 3’8, 5 404673- 13 | 0. 560 14-28 | RD111-1009-54XX | 6025 | RD153-5001-0004, 
zZ Jacket Purge esa | = 69,32 | or egvivalent 
: ; ! 
@ Calips Checkout Line | ivd E-nut | | | | 
1 
ns Heat Exchanger } od 402673-23 | CG. 331 j 14-28 RD11:-1609-34ee | 60-5 | RD153-5001-0064. 
& Helium Inlet (SIVB only) | | &3 32 | | or equivalent 
o 
= Oxidizer Pump id} | 1°2 404673-13 | 3] 309 1°4-25 | RD111-1009-34xx | 60 =5 RD153- 5601-0004, 
3 Primary Seal Drain“ | | 6-$,32 | | | or equivalent 
Fuel Inlet Duct | 9.628 | 36-24 | RD111-1009-36Xx 

| Geep | | or equivalent 

| | | 

| 

{ 


Oxidizer Inlet Duct 8 404656-47 0. 44 38-24 RD153- 5001-0006, 
24-3, 8 or equivalent 

Sti Stage Center Engine:| § 204656-17 0. 500 3, 3-24 RD111-1609-35XX%X ) 290 +10! RD153-6001-5006, 

Fuel Turbopump Inlet 24-13 32 ur equivalent 

Flange | { 

SH Stage CenterEngine:; 3 404656-19 9,45 5 +10 4111-1009-35XX | 110-10} RD153-5001-0005, 

Oxidizer Turbepump | dees or equivalent 

Inlet Flange j 36-5 16 | 


(a) Initial bolt lubricant is Dry-Lube. No more than one instillation of a bolt is a..vwed without recoating bolt with dry-film 
lubricant RBO140-007 (Rockerdyne}. 

(b) Bolt strength is 140.000 psi. 

(c} Engines incorporating MDi9C change 

{a4} Engines incorperating MDEOI, MD302, MD322, or 410323 change 


Figure 12-5. Fluid Interface Commecnon Requirements (Sheet 2 of 2} 


Pages 12-11 and 12-12 deleted. 
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R-3825- 1 Section XII 
Paragraph 13-1 


SECTION XIII 


OPERATING INSTRUCTIONS 


13-1. Operating instructions for the J-2 rocket 
engine are In t-3825- 1B. 
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APPENDIX 


MANUAL DATA SUPPLEMENTS 


Manual Data Supplements are issued from time 
to me to communicate important and urgent 
information concerning the equipment coveced 
in this manual. These supplements bear an 
identifying nu:nber and should be filed in this 
Appendix. 


Manual Data Supplements directly affect the 
data in this manual and will be incorporated 
into thig manual during a future updating effort, 


A Manual Data Supplement Record {s issued 
periodically to indicate the status of supplements 


issued for this manual. The status of each sup- 
plement ig indicated in the ‘Supplement Status’ 
column. For active supplements, no status is 
entered, For incorporated supplements, 
"Incorporated" is entered, 


Upon receipt of a Manual Data Supplement, make 
ith appropriate ceference to the supplement in 
the margin next to the data supplemented and 
enter the number, date, and subject matter af 
the supplement on the Manual Data Supplement 
Record. 


MANUAL DATA SUPPLEMENT RECORD 


This Manual Data Supplement Record indicates 
the status of supplements issued for Technical 
Manual R-3825-1. Supplements that have teen 


incorporated into this manual shall be removed 
frum the Appendix and destroyed. 


Supplement Supplement 
Number Dated Descrip.on Status 

t 16 July 1965 Adds precautions to protect GSK Incorporated 
electrical circuits. 

2 28 July 1965 Adds removal of oaldiser turbine ancorporated 
bypass valve orlfice, 

3 1 Seplember 1965 Adds requirements for installation Incorporated 
of Bupports on fluid lines (STI stage, 
center engine), 

4 10 September 1965 Changes engine stage static-test Incorporated 


operating requirements. 


R-4825-1-5 12 October 1965 


Changes torque value for diffuser 


Incorporated 


installation, 


t~G825- 1-6 49 October 1965 


Adds engine sfart tank emergency 


Incorporated 


deprensurization requirements. 


R- $826- 1-7 12 November 1965 


Adds main oxidizer valve actuator 


Incorporated 


temperature to engine operating 


Hmita. 


R-3825-1-8 % March 1966 


Revises figure 10-8. 


Incorporated 


Change No, 9- 9 June 1970 Awl 


APPENDIX 


Supplement 
Number 


R-3825-1-9 


R-3825-1-10 


R-3825- 1-11 


R-9825-1- 12 


R-3825-1-19 


R- 3825-1-14 


It- 3625-1-15 


R-3825-1-16 


R-3826-1-17 


R-3825-1-18 


R-3825- 1-19 


R-3825- 1-20 


R-3825-1-21 


R- 3825-1 


MANUAL DATA SUPPLEMENT RECORD 


Se nee A A I AI a A A 


Dated 


? March 1966 
17 March 1966 


28 March 1966 


13 April 1966 


19 September 1966 
8 December 1966 


5 December 1966 
16 December 1966 


21 December 1966 
il January 1967 
27 January 1967 


20 February 106? 


24 February 1967 


A-& Change No. 8 - 9 June 1970 


(continued) 


Description 
Adds requirements for electrical 
interface connectors 


Adds hydraulic pump installation 
requirements. 


Changes valve operating tlines. 


Changes main oxidizer valve 
operating times. 


Adds requirements for handling, 
Installing, and removing 
pressure-actuated (Naflex) seals. 


Adds requirement to leak-test 
start tank discharge valve piston 
and piston lip seals. 


Adds new gimbal bearing cycle 
limitations. 


Changes oxidizer dome purge 
requirements, 


Adds requirement to replace the 
augmented spark igniter Hne 
Supporting clamp and bracket. 


Adds requirciment to leal-test 
STDV swlag gate and to measure 
pressure in spark igniter cables, 


Adds requirement to purge ASI 
chamber pressure Instrumentation 
ne. 


Provides installation procedure 
for ignition detector probe 500750 
and adds requirement ta remove 
moisture from ASI chamber pres- 
sure instrumentation line. 


Adds requirement to pressure- 
decuy-test mainstage OK pressure 
switches. 


Supplement 
Status 
Canceled 


Incorporated 


incorporated 


Incorporated 


Incurporated 


Incorporated 


Incorporated 


Incorporated 


Incoiporated 


Incurporated 


Replaced by 
Supplement 
R-3825-1-20 


Incorporated 


Replaced by 
Supplement 
R-3825- 1-22 


R-3825- 1 APPENDIX 


MANUAL DATA SUPPLEMEN fF RECORD 


(continued) 
Supplement Supplement 
Nuinber Dated Description Status 
R- 39235- 1-22 2 March 196% Changes requirement for pressure- Incorporated 


decay-testing mainstage OK pes- 
sure switches, 


R-§825- 1-23 25 August 1967 Adds page numbers to List ef incorporated 
Effective Pages and changes page 
nunbers in Table of Contents af 
section VIE. 


R-3825- 1-24 24 April 1969 Adds 200-series dash numbers te Incorporated 
and updates engine effectivity of 
RCA interchangeabllity cate, 


{t-3B25-1-25 'S November 1969 whanges fluid interface require- Incorporated 
meals to add veference to 


K-9825- 435 for start tank maxiiunt 
pressurization rates, 


Pages A-6 and A-6 deleted, 


Change No. 9 - 9 June 1970 A-3/A-4 


MANUAL DATA SUPPLEMENT NO. He-3825-1-26 
Sheet 1 of } 23 April 1973 


This supplement affecta the data in Technical Manual R-3825-1. Make a reference 
to this supplement in the wargin next to the data being supplemented; enter the 
nuadber, date, and subject matter of the supplement on the Manual Data Supplement 
Reoody and file this supptement in the Appendix to chia manual, 


This supplement changes the accuracy of transducers in the auxiliary FI package, 


foc —50A/11-50B, paragraph 11 11-6, 6, replace the first sentence ot step a with 


ee me new 


ap 
Peli lowing sentences: 


On pay 
the 


a, The accuracy of cach parameter at the output of the engine-supplied 
Instrumentation system will he within 72,0 peceent in oa temperature rauge of +t40° 
to -65° F, In addition, pressure transducers in the auxiliary Fl package will he 
wi thin oe percent in a temperature range of «65° to «85° F, 


